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In 1991 Evans and Schibeci used a modified Views of Science- Technology-Society (VaSTS) 
instrument to assess 434 Australian students' views on selected aspects of the Science­
Technology-Society (STS) theme. In South Africa , Parker and Rochford (1995) , and the 
writer Edwards et al. (1997) conducted and published further corroborative studies with more 
than 1400 students . 
Set in the context of the debate on the "traditional" and "contemporary" models of the nature 
of science (after Palmquist and Finley, 1997), this study measures, compares and interprets 
the response patterns of five convenient sample groups to 26 items on the modified VaSTS 
instrument. The three subscales measure students' perceptions of the definition of science, 
scientific method and how scientific knowledge changes. The reliability of the instrument 
was computed for Cape Town students using Cronbach's coefficient which yielded 0: =0.78; 
and its content had been shown to be inherently valid at the time it was developed . 
A self-completion questionnaire was administered by the writer to four Cape Town student 
samples in 1995 during normal periods of instruction at two high schools , a technikon and a 
college of education . The samples comprised 320 year 10 high school science students , 
340 year 12 high school science students, 108 electrical engineering students , and 55 first 
year college of education science students respectively. The 434 year 10 Australian 
students' (sample 5) responses were compared with the responses of their South African 
counterparts. 
In order to determine statistically significant differences between the response frequencies of 



















responses were recorded in a particular category, then the Mann-Whitney U-test was 
employed as an alternative non-parametric test. These statistical tests resulted in all four 
null hypotheses being rejected, in other words, there were statistically significant differences 
between the response patterns of the sample groups to the importance of at least some of 
the 26 items on the three subscales of the modified VOSTS instrument. 
It was found that the fiVE samples, on average, attributed the greatest importance to items 
1F (77%), 2E (75%) and 3A (66%) on the three subscales respectively, i.e. science was 
perceived as exploring the unknown and discovering something new about our universe ­
which represents a "realistic" perspective; the scientific method was perceived as testing and 
retesting, proving something true or false in a valid way - which represents a "traditional" 
approach ; and scientific knowledge was perceived as changing because new scientists 
disprove the theories or discoveries of old scientists - which characterises the falsificationist 
position, also a "traditional" approach. 
The findings suggest that the instrument was sensitive to detecting areas of agreement and 
disagreement between the responses of the various groups surveyed. The empirical 
evidence also supports the feasibility of identifying and/or implementing some of the stated 
objectives of South Africa 's new Curriculum 2005, especially in the learning areas of Natural 
Sciences and Technology. The samples of South African students tended to hold more 
"contemporary" views of science, which might make the goal of scientific literacy much 
easier to achieve . On some of the items, however, "traditional" views were expounded by 
the students. This should not be seen as a contradiction, but rather as support for the widely 






















1.1 	 The Challenge of the Nature of Science for Teaching Science and 
Technology 
In their recent investigation into preservice teachers ' views of the nature of science 
during a postbaccalaureate science teaching programme, Palmquist and Finley 
(1997:595) explained why science teachers need to recognise the nature of scientific 
endeavour and how it relates to science teaching. Their most recent research 
concluded that most of the preservice teachers had definite views of various aspects of 
the nature of science which were either "traditional" or "contemporary". Their work was a 
sequel to the studies of several earlier investigators, such as Aikenhead , Flemming and 
Ryan (1987); Aikenhead (1988); and Aikenhead and Ryan (1992) ; and it is in this 
particular context that the writer's current study was conducted in Cape Town , and is 
now presented . 
The findings reported in this dissertation have already been published recently as two 
full-length articles in the refereed Proceedings of two international Conferences : in 
Poland in 1998, and in Zimbabwe in 1999; as well as a separate third article in the 
European journal Senzor in 1997. Photocopies of these two Conference papers and 
















1.2 Statement of the problem 
This investigation is set ;n the context of the recent release of definitive publications, by 
the American Association for the Advancement of Science (1999a and 1999b) on the 
current understanding of the nature and methodology of science and technology. 
In 1987 Aikenhead et al. developed an instrument for determining Views of Science­
Technology-Society (VaSTS) among high school students . The content was defined by 
the domain of science-technology-society (STS) topics appropriate for high school 
students . A pool of 114 items was developed by producing choices which were 
empirically derived from students' writing and from a series of interviews . These were 
administered to more than 2000 grade 11 and 12 students in Canada. 
Subsequently, in 1991, Evans and Schibeci used a modified VaSTS instrument to 
assess 434 Australian students' views on selected aspects of the STS theme . Then in 
South Africa Parker and Rochford (1995), and the writer Edwards and Rochford (1997) 
conducted further corroborative studies with more than 1400 local students . 
The modified VaSTS instrument used 26 items to measure student views on three 
coherent scales, commencing with the lead headers : "Science is... ", "The scientific 
method is... " and "Scientific knowledge ... " respectively. These are reproduced as 
attachments in Appendix B. 
In the light of the emerging, diverging "traditional " and "contemporary" models of the 




















for this study was to compare, contrast, interpret and explain the perceptions of different 
groups of science and technikon students towards selected aspects of the STS theme 
using the three modified VaSTS scales . It set out to evaluate and interpret the South 
African and Australian responses of five convenient sample groups, in the age range 15 
to 19 years , in respect to the importance of 26 items on the modified VaSTS instrument 
of Evans and Schibeci (1991). Its three subscales purported to measure student 
perceptions of: the definition of science (10 items); the scientific method (11 items); and 
how scientific know/edge changes (5 items). 
1.3 Importance of the study 
At the same time as the work of agunniyi (1998; 1999), this study was carried out as one 
of many other recent inter-related local investigations into people 's perceptions of the 
world of science and technology (S& T); the effects of science and technology on 
traditional beliefs and culture; young people's attitudes towards science and technology 
in Africa ; the popularisation of science and technology; the state of science and 
technological literacy in Southern Africa ; and the role of the communications media in 
the public understanding of science and technology. 
These studies were a sequel to the release , by the Foundation for Research 
Development (1996), of science-and-technology indicators showing underperformance 
in the South African context, as described in more detail below in sections 1.4 and 1.7. 
Laugksch (1999: 12-14) has presented pertinent arguments for the promotion of 





















• 	 The macro view deals with benefits to the nation, science, or society. He argues that 
economic competiti veness and sustainability depend on a good research and 
development programme which produces hi-technology products. This can be 
achieved only by having a good cadre of technical personnel that is the product of a 
scientifically literate nation. Support for science itself is also enhanced, and the 
public's expectations of science may be tempered if there is a greater level of 
scientific literacy. A scientifically literate nation can also influence, and be of benefit 
to, science policy-making and democratic decision-making practices. 
• 	 The micro view looks at the benefits of scientific literacy to individuals. These 
include awareness about correct diets, ill-effects of smoking, screening programmes, 
or safety in the home and at work. Scientifically literate individuals are also an asset 
in the workplace as technical developments become more common. Other 
arguments are concerned with the intellectual, aesthetic and moral benefits of 
scientific literacy to individuals. 
Laugksch (1999: 2-3) also identified four main interest groups who have a shared 
interest in the promotion of scientific literacy: 
1. 	 The science education community, including curriculum developers and professional 
science education associations, is concerned with the relationship between formal 
education and scientific literacy. 
2. 	 Social scientists and public opinion researchers are concerned with science and 
technology policy issues. 
3. 	 Sociologists of science, and science educators who use a sociological approach to 












4. The in- and non-formal science education community, and those involved in general 
science communication, include personnel at science museums, botanical gardens 
and zoos, and members of teams at science exhibitions or displays. Radio and 
television personnel involved in science programmes, as well as science journalists 
complete this group. 
The scientifically literate individual also understands the nature of scientific knowledge, 
applies appropriate scientific concepts and theories when necessary, uses processes of 
science to solve problems, upholds scientific values, understands the interaction 
between science, technology and society, and has developed numerous manipulative 
skills and a richer view of the universe ( cited by Laugksch, 1999: 4-5). This is of 
particular relevance to the present study, with its important focus on the VQSTS. 
1.4 Background of the study 
South Africa ranks 93rd out of 178 countries on the United Nations Human Development 
Index (MacGregor, 1997:15). Should our matriculation examination results serve as an 
indicator of the development of our human resources, then it is unacceptable that only 
47.4% of all matriculants passed the final examination in 1997, with a modest 
improvement of 3.3% in 1998 (Cape Argus, 8 January 1999: 5). The introduction of a 
uniform examination at provincial level has merely highlighted the disparities of the past. 
Thus, these results should be placed in the context of the many problems which beset 
education, for example, inadequate resources, large class sizes, the lack of a culture of 
teaching and learning, teacher redeployment, etc. However, it should also be noted that 











Domestic Product, compared with 5.8% in developed countries (MacGregor, 1997: 17). 
A massive investment in human capital such as this should achieve better results. 
One recent initiative has been the introduction of Curriculum 2005. The former Minister 
of Education, Professor SME Bengu, indicated that the curriculum will shift from a 
content-based to an outcomes-based one (Curriculum 2005, 1997: 1). The aim is to 
prepare competent future citizens who will have the necessary skills to meet the 
challenges of the 21 st century. Education and training will be integrated and eight areas 
of learning have been established for which new curricula must be developed. The 
introduction of Curriculum 2005, amidst all the other pressing problems in the education 
sector, remains a contentious issue in 1999. 
In July 1999 the new Minister of Education, Professor Kader Asmal, expressed his 
concern at the poor quality of learning in many parts of our education system, especially 
the poor performance of learners in internationally standardised tests of mathematics 
and science (Statement by the Minister of Education, Tuesday 27 July, Asmal, K., 1999: 
4 ). 
Two of the eight learning areas in the proposed new curriculum are Natural Sciences 
and Technology. The state's recognition of the importance of science and technology 
(S& T) is commendable. The development of responsible, sensitive and scientifically 
literate (my emphasis) citizens who can critically debate scientific issues is one of the 
stated rationales for the natural sciences (Department of Education : Learning Area : 












understand the interaction between science, technology and socio-economic 
development as a speci fic outcome of the natural sciences (p55). 
The White Paper on Science and Technology was published in 1996. It states that S&T 
are considered to be central to creating wealth and improving the quality of life in 
contemporary society. The policy thrust of the White Paper is also said to be in harmony 
with that of the White Paper on Education and Training in its identification of investment 
in mathematics, science and technology as a fundamental goal (p6). According to an 
International research study, the Third International Maths and Science Study (TIMSS), 
a cross-sectional sample of South Africa's 13 year-olds - many of whom were 
disadvantaged in the tests by being required to read and respond only in English - had 
the lowest average scores in Mathematics and Science out of 41 participating countries 
(Gray, 1997 :167-170). Although this study is not completely conclusive, nevertheless it 
should prompt a re-examination of teaching and testing methods in these two 
disciplines, while also highlighting the importance of S& T as outlined above . 
South African citizens today are part of a democratic decision-making process . These 
require not only oral and written communication skills , but also knowledge based on 
science and technology when technical issues arise. For example, rapid development is 
taking place along our coastline, sometimes on environmentally sensitive land - but 
should this be allowed? Informed decisions can be taken only after all stakeholders are 
conversant with the scientific and technological facts of a feasibility study. 
Secondary and tertiary students should develop critical thinking skills because they are 















understand the numerous interactions and interplay between science , technology and 
society. Thus , an evaluation of students' perceptions of selected aspects in the STS 
debate might therefore identify some of their preconceived ideas. The results of such a 
study might be used , in conjunction with other studies, to establish a framework in which 
one of the stated rationales of the natural sciences can be realised , viz . to develop 
responsible , sensitive and scientifically literate citizens . This might possibly assist the 
present developers of Curriculum 2005, especially in the S& T learning areas. 
1.5 Purpose of the study 
This empirical study evaluates students' perceptions of selected aspects of the science­
technology-society theme. It begins by comparing the South African and Australian 
responses of five sample groups, in the age range 15 to 19 years , to the importance of 
26 items on the modified views of science , technology and society (VOSTS) instrument 
of Evans and Schibeci (,1991) which is attached in Appendix B. 
The present study also specifically compares the perceptions of four Cape Town 
samples of 320 standard 8 (year 10) students, 340 standard 10 (year 12) students , 108 
electrical engineering students , 55 first year college of education students and one 
sample of 434 year 10 Australian students on the three subscales of the modified 
VOSTS instrument. Initially, the four local samples were surveyed between January and 
June 1995. At that particular time , the modified VOSTS was already established as a 
valid and reliable instrument for the purposes of this study. The Australian sample, 
taken from Evans and Sch ibeci (1991), was used for comparison purposes with the 















1.6 Development of the study 
In order to overcome the problem of researchers assuming that there is no ambiguity in 
test items, Aikenhead et al. (1987) developed the original VOSTS instrument in Canada, 
as described earlier on page 2. 
In 1991, using a modified VOSTS instrument, Evans and Schibeci assessed 434 year 10 
Western Australian pupils ' views on selected aspects of the STS theme in Perth . In a 
South African corroborative study in 1993, Parker et al. (1995) then used the modified 
VOSTS instrument to measure the views held by 82 young aspira t scientists and 
technologists, as well as by 391 mainstream senior high school students in Cape Town . 
They found six significant response differences (out of 26) to VOSTS items between the 
two samples. However, they found no significant differences between the percentage 
frequencies of the responses of Perth and Cape Town samples of mainstream students. 
In 1994 the modified VOSTS was then administered to 499 female and 498 male 15- to 
17- year old students in South Africa. The findings, authored by the writer of this 
dissertation, were analysed in 1995 by the writer, and were subsequently published in 
full in the international journal Senzor, 1997, volume 3, pages 2-9, a copy of which is 
attached in Appendix A. 
This current study therefore expands on the earlier work of Evans and Schibeci (1991) in 
Australia, Parker et al. (1995) and Edwards et al. (1997) in Cape Town . It compares the 
response frequencies of secondary and tertiary students to the importance of statements 



















method and how scientific knowledge changes; but it also interprets the responses more 
widely in the context of both "traditional" and "contemporary" views of various aspects of 
the nature of science, after Palmquist and Finley (1997), as well as the interpretive 
framework of Aikenhead and Ryan (1992), and in the context of Ogunniyi (1999) and 
AAAS (1999). 
1.7 The social importance of the research context 
Bybee et a!. (1991 : 144) cite the following quotation which summarises the reasons for 
an emphasis on science and technology in a social context: 
Science and technology are integral parts of today's world. Technology, which 
grows out of scientific discovery, has changed and will continue to change our 
society. Utilisation of science in the solution of practical problems has resulted in 
complex social issues that must be intelligently addressed by all citizens. 
Students must be prepared to understand technological innovation, the 
productivity of technology, the impact of the products of technology on the quality 
of life, and the need for critical evaluation of societal matters involving the 
consequences of technology ( National Science Board, 1983 .' 44). 
The Foundation for Research Development (FRO) has published S& T indicators in the 
South African context in 1996. For example, Japan had 71 scientists for every 1000 
people whereas South Africa had only 3.3 for every 1000. A survey of people's attitudes 
towards S& T yielded 75% positive responses from people with post-matriculation 
education. Thus, improved public awareness depends on the level of education. In 
addition to this, the indicators also showed that a sample of South Africans performed 
poorly on the survey of the public understanding of the natural and environmental 






















The stated policy of the South African government is that science and technology has a 
critical role to play if we are to realise a sustainable economic growth rate. S& T make 
significant contributions in important sectors of the economy, e.g. health, agriculture , 
transportation, materials and energy production, population control, water and 
environmental management, etc. Therefore students should have a good understanding 
of these areas since they span across subject disciplines at school and tertiary level. 
The various curricula should emphasise more than just the acquisition of facts and 
theories . Students must be encouraged to understand the nature of scientific 
knowledge , the purposes it serves and how technological advancement is linked to all 
this . They must know that society influences S& T, as well as how S& T influences 
society. 
At a Conference on Promoting Public Understanding of Science and Technology in 
Southern Africa (4-7 December 1996), several speakers argued for the development of 
S&T, as described in Ogunniyi (1998): 
• 	 Taiwo (pp61-69) proposed that the nations of Africa embrace the doctrines of the 
scientific approach so that they are no longer bystanders but active participants in 
global affairs in the 21 st century. 
• 	 Yandila (pp96-99) suggested that modern S& T offers immense possiblities for 
solving problems which impede economic and social development in the African 
context. 
• 	 Rollnick (p111) concluded that one of the main causes of low science and 
technological literacy in South Africa is due to the historic exclusion of the majority of 
the population from the field of S& T. A change of attitude as well as the acquisition 




















1.8 The specific aims of the current research are: 
• 	 To measure and compare the percentage frequencies of perceptions of secondary 
and tertiary level students on the three subscales of the modified VaSTS instrument. 
• 	 To establish whether any statistically significant differences exist between the 
frequencies of perceptions of the various sample groups. 
• 	 To suggest and use an interpretive comparative framework for analysing the 
empirical results of the study. 
• 	 To discuss any possible applications of these findings for the implementation of 
Curriculum 2005 and for the two areas of learning of Natural Sciences and 
Technology. 
• 	 To make any additional recommendations that may arise out of the study. 
1.9 Hypotheses 
Four null hypotheses are tested in this study . These test whether any statistically 
significant differences e;~ist between the frequencies of the perceptions of the various 
sample groups with respect to the relative importance of each one of the 26 item 
statements given on the modified VaSTS instrument. The null hypotheses for the five 












1.10 Clarification of terms 
Science-technology-society (STS) : All citizens should be capable of understanding 
and critically analysing and evaluating issues at the modern science/technology/society 
interface (Zoller and Ben-Chaim,1994:77) . 
Scientific and technological literacy : Literate learners are those who have an 
understanding of the nature and the limits of science and technology, a mastery of the 
basic conceptual knowledge in the major disciplines and a sense of the social 
impact/implications of S& T (cited by Schibeci and Kissane, 1994:48). 
Modified VeSTS instrument: This consists of three subscales commencing: 
"Science is .. . " , "Scientific know/edge is ... " and "Scientific know/edge ... ". They 
comprise a total of 26 item statements that must be rated "major part", "minor part", "no 
part" and "I don 't know" by respondents . 
Science: The organised body of knowledge in Biology and Physical Science (Physics 
and Chemistry) . 
"Traditional" and "Contemporary" Models of the Nature of Science: 
These are defined in terms of five key realms of the nature of science ( scientific theory, 
scientific knowledge , scientific method, scientific laws, and the role of scientists) , as 




















1.11 Glossary of terms from the Philosophy of Science 
Constructivism: The view that the subject matter of scientific research is wholly or 
partly constructed by the background theoretical assumptions of the scientific 
community, i.e. it is not independent of our thoughts and theoretical commitments . 
Deduction: The process of deriving statements (conclusions) that follow necessarily 
from an initial set of statements. 
Empiricism: The view that all knowledge is based on or exhausted by what is known 
by sensory experience. 
Epistemology: The study of the nature, origins, objects, and limitations of 
knowledge. 
Falsification(ism): The process of showing a claim to be false. According to Popper, 
for a claim to be scientific it must be possible to specify which observations would falsify 
it. 
Induction: Simple induction is the process of drawing a conclusion, or estimating the 
support for a hypothesis, on the basis of observed instances of past events . 
Logical positivism (or empiricism): An attempt to interpret science and 












Ontologogy: Used in the sense of the entities postulated by a particular theory (and 
also it can be used in the sense of a branch of metaphysics that studies the nature of 
existence). 
Realism: The view that phenomena of a specified sort exist independently of being 
thought about and/or are largely non-mental in character. 
(Boyd, Gasper and Trout, 1993: 775-781) 
1.12 Limitations of the study 
This study has used the modified VaSTS instrument to gather data from only five 
convenient samples of high school, college of education and technikon students. The 
items in the instrument deal with only perceptions of selected aspects in the STS 
debate, i.e. defining science, scientific method and how scientific know/edge changes. 
The study provides empirical evidence for differences or consensus among student 
views of science, scientific method, etc. It does not purport to give right or wrong 
answers, since the orig inal VaSTS instrument was developed from the perspective of 
the students' viewpoints . 
1.13 The assumptions of the study 
It is assumed that all the participating senior students had a basic grasp of, and 
background in, junior level General Science, and thus were able to make an informed 













each student understood the wording of each item in the same manner, and responded 
seriously, since the data was collected during formally supervised classroom time. 
1.14 Research approach 
The data was collected during normally scheduled lesson or lecture time in Physical 
Science, Biology, Mathematics and Electrical Engineering studies at the high schools, 
college of education and technikon respectively. The instrument required approximately 
20 minutes to administer and complete. The co-operating teachers and lecturers 
reported that the students responded seriously to the task assigned to them. 
The data were analysed using the l - test and Mann-Whitney U-test in order to 
establish statistically significant differences between the response frequencies of the 
various sample groups. Both of these two statistical procedures are non-parametric, 
with the Mann-Whitney U-test being used when certain categories of items attracted 
fewer than five responses. 
1.15 Organisation of the remainder of the dissertation 
The chapters which follow are arranged thus:­















Chapter Three This chapter presents details of the research method, a 
description of the samples , and the measuring instrument; and it 
also describes the data collection method . 
Chapter Four The results are summarised and tabulated. The findings are 
presented with a brief discussion of the emerging trends . 
Chapter Five The results are discussed and analysed in more detail. 
Chapter Six The study is concluded, offering recommendations and 
implications for further research. 
1.16 Chapter Summary 
In this chapter an overv iew of the study has been presented . The problem, its setting 
and importance have been given, the purpose and hypotheses of the study outlined , the 
origin and background sketched , and the importance of the study highlighted . 
Furthermore, the aims of the study have been presented, some terms clarified and the 
limitations of the study stated. Finally, the assumptions have been given and the 
research approach introduced. 
Chapter two presents a literature review of the relevant studies and theories pertaining 
to this study, and critically evaluates the strengths and limitations of the methodology 
and findings of these earlier studies. It concludes by showing how the present study 





















This chapter comprises two sections : 
• 	 Section 2.1 presents a review and critique of related research findings on student 
perceptions of the nature of science in the STS domain, as well as other findings 
related to the nature of science . 
• 	 Section 2.2 presents an outline of the theoretical framework underpinning the 
analysis and interpretation of the empirical findings of this study. 
2.1 Related research findings: a review and critique 
In 1987 Aikenhead , Fleming and Ryan produced a four-part series of articles which 
detailed a study of Canadian high school students' viewpoints on STS topics : the 
methods and issues in monitoring student views (Aikenhead et aI., 1987); the interaction 
among science, technology and society (Fleming, 1987); the characteristics and 
limitations of scientific knowledge (Aikenhead, 1987); and the characteristics of 
scientists (Ryan, 1987). 
A sample of 10800 students in their graduating year was drawn in a stratified manner 
from across Canada. Out of the 10800 student responses, about 236 addressed one of 
46 statements based on 16 major topics found in the epistemology and sociology of 
science literature (Fleming, 1987:163). A random 30% of the responses were analysed 


















The authors argued in their first article that while the VOSTS instrument was developed 
with its content reflecting the epistemology of science of earlier theoretical models from 
the philosophy of science (p148), it also drew upon the social context of science. The 
STS topics emphasised cognition over attitude, but it was also open to further 
development since it did not include all the important aspects of STS education. The 
content validity of the VOSTS instrument was also hampered because there was no 
consensus regarding the legitimate domain of STS content. The authors also proposed 
that to improve the understanding of student viewpoints, a semi-structured interview 
technique may be employed (p155). Further study could include comparisons between 
different cultural groups or groups of educators, or it may serve as a pre-instruction 
investigation to inform teachers and curriculum developers. 
In the second article Fleming (1987: 167) posited the view that the students in the study 
generally failed to differentiate between the roles of science and technology. The 
blurring of the two roles to create a new social enterprise is referred to as 
technoscience; for example, scientific research is often equated with finding cures for 
diseases. A point for further research may be to locate the source of this belief, i.e. does 
it originate from the school curriculum, or from the mass media, etc.? 
The third article discussed the characteristics and limitations of scientific knowledge. 
Seventy five percent of the students viewed scientific classification schemes as being 
more epistemological than ontological, but only 45% viewed scientific models as 
epistemological. Almost 100% of the students believed that scientific knowledge is 
tentative, but their reasons were varied (p484). Many diverse definitions of the scientific 















laboratory procedures". About 75% of the students believed that social interactions 
within the scientific community can affect the knowledge that scientists discover. 
The fourth article reported that the majority of students perceived that scientists were 
concerned with the potential effects of their discoveries, while 38% apportioned the 
responsibility for the harm that might result from scientific discoveries to the user (p495). 
Most students (75%) felt that scientists should be responsible for reporting their 
discoveries to the general public. A large group of students perceived scientists as 
unbiased and objective, a quality which is transferable to eveyday life (p500). On the 
question of the unequal gender distribution of scientists, 28% of the students felt that it is 
not justifiable . 
In Ryan and Aikenhead's (1992) study reporting students' preconceptions about the 
epistemology of science based on VOSTS, some basic nature of science tenets are 
implicit: 
• 	 The social purpose of the scientific enterprise is to generate new knowledge for its 
own sake. 
• 	 Technology is not applied science. 
• 	 An ontologic perspective consistent with logical positivism is na·lve. 
• 	 Consensus among self-appointed experts is the basis of scientific knowledge. 















Subsequent to the development of the VOSTS instrument, a plethora of studies have 
evolved using some items from the pool of 114 VOSTS items. A summary and critique 
of the results from some of the relevant studies is presented below. 
Zoller et al. (1990: 19) used a questionnaire comprising four representative statements 
from the VOSTS inventory to assess the STS beliefs of 377 high school students in 
British Columbia . They found that a substantial change in the viewpoints of the students 
occurred when they were exposed to a science and technology course. Some of the 
goals of a typical STS course were attained, and the data obtained could be used for 
future educational policy-making concerning STS curricula (p34) . The different roles of 
science and technology were not clearly distinguished by the students. The authors 
concluded that the VOSTS instrument was useful for assessing student viewpoints on 
STS issues, but its use in cross-cultural studies must take into account the context in 
which the study occurs. 
In the United States of America, Rubba and Harkness (1993: 407) investigated 26 pre­
service and 19 in-service secondary science teachers' beliefs about STS, particularly the 
nature of science and technology . The majority of students had views of science that 
were classified as having merit, 54% of pre-service teachers had realistic views on the 
process of doing science while 42% of in-service teachers expressed naive views - 21 % 
of them describing the process as "the scientific method" (p422). Most of the teachers 
viewed technology as applied science. The authors concluded that misconceptions 
about STS interactions were revealed in their study, a factor which could lead to 




















In a similar study, Zoller and Ben-Chaim (1993: 77) examined the STS beliefs of 232 
prospective and 57 practising social studies and science teachers in Israel. They found 
that differences existed in the STS profiles of the two groups. The implication was that 
appropriate teacher training programmes should be designed to achieve the objectives 
of STS education (p85) . 
In South Africa , Ayayee and McCarthy (1995: 102) investigated 47 pupils ', 14 student 
teachers' and 20 teachers' views about the nature of science using 13 multiple-choice 
items from the VaSTS inventory. Pupils and teachers defined science as consisting of 
facts and processes. The majority of them presented the positivist view of one scientific 
method. The student teachers had a better understanding of some aspects of the 
nature of science, possibly due to their methodology course in the philosophy of science. 
The study supported findings in other countries that pupils and teachers have 
inadequate conceptions about the nature of science. 
In the United States of America , Rubba et al. (1995: 355) used 16 multiple-choice items 
from the VaSTS pool of items to examine to what extent general education STS and 
physics courses helped college students build more realistic views about the interactions 
among STS. Two samples of 138 and 122 college students respectively were used to 
collect pretest and posttest data. A special scoring procedure was devised which 
allowed the use of inferential statistics. A three-category scoring scheme, viz . realistic, 
has merit and naiVe was used. The authors reported that the students moved toward 
more realistic views on some items, but toward more naNe views on others , e.g . the 

















the lectures were presented. They suggested that in future studies, interviews with the 
respondents should be conducted to find the reasons for a change in their views. 
In 1991 , Evans and Schibeci produced a modified version of the VOSTS instrument in 
Australia. It consisted of three subscales which described science (10 items), the 
scientific method (11 items), and how scientific know/edge changes (5 items) . 
Students were asked to rate each of the 26 items - this was done to get a more "fine­
grained" view of student views (p69). The questionnaire was administered to 434 year 
10 Western Australian high school students . The majority of students saw science as a 
social enterprise, described the scientific method in a positivist way, and believed that 
scientific knowledge changes due to falsification . The authors concluded that, although 
no "correct" view of science exists , certain views are incompatible with modern 
epistemologies (p71). They also recommended that interviews be conducted with the 
students to get a more composite picture. 
Parker and Rochford (1995: 68) used the modified VOSTS instrument to measure the 
perceptions of 82 young aspirant scientists and technologists and 391 mainstream 
secondary science students in Cape Town. The majority of mainstream students (74%) 
ascribed a social purpose to science , whereas 71 % of the EXPO students expressed a 
more realistic view of science . Both sample groups expressed a "traditional " view of the 
scientific method. The authors found no significant differences between the views of the 
Cape Town mainstream students and those of the Australian students as reported by 





















More recently, the writer Edwards et al. (1997: 2) found differences between the 
perceptions of 498 males and 499 females, from two high schools in Durban, on 15 of 
the 26 items comprising the modified VOSTS instrument. Both sub-groups expressed 
realistic views on some items, but naIve views on others, e.g. they did not distinguish 
between the roles of science and technology (p4) . The majority of students viewed the 
scientific method in a "traditional" way, and a large proportion "did not know" about a 
more contemporary view of the scientific method . They also held the falsificationist 
position about scientific knowledge. The authors proposed that further studies be 
undertaken to explore the underlying reasons for the differences between the two 
groups. 
Lederman (1992: 331) did an extensive review of the research related to students' and 
teachers' conceptions of the nature of science. A summary of some of the papers he 
reviewed and cited is presented below: 
• 	 Klopfer and Cooley (1961) developed the Test on Understanding Science (TOUS) in 
the USA. They concluded that high school students' understanding of the scientific 
enterprise and of scientists was inadequate. Many other researchers, using the 
TOUS instrument, corroborated their findings, e.g. Mackay (1971), Korth (1969) and 
Aikenhead (1972,1973). 
• 	 Rubba (1977) developed the Nature of Scientific Knowledge Scale instrument. He 
found that 30% of high school students surveyed believed that scientific research 
reveals absolute truth and that scientific theories mature into laws. 
• 	 In a study using TOUS scores, Miller (1963) concluded that many teachers do not 

























• 	 Kimball (1968) used his own Nature of Science Scale (NOSS) to compare the 
understanding of the nature of science by American scientists and science teachers. 
He found no significant differences between the two groups' perceptions of the 
nature of science. 
• 	 Koulaidis and Ogborn (1989) described and compared beginning- and preservice­
teachers ' views about scientific knowledge in the USA. Their findings were 
consistent with previous research , i.e. teachers did not generally possess views 
which were consistent with a particular philosophical position. 
• 	 In assessing American preservice secondary teachers' conceptions of the nature of 
science, Aguirre, Haggerty and Linder (1990), found that most individuals believed 
science to be either a body of knowledge consisting of a collection of observations 
and explanations or of propositions that have been proven to be correct. 
All the above findings are cited by Lederman (1992 : 331-359) . 
Pomeroy (1993: 263) developed a 50-item survey "to explore the persistence of other 
more traditional beliefs about the nature of science". The respondents were 71 Alaskan 
scientists and 109 teachers. More scientists expressed stronger traditional views of 
science than secondary teachers, who in turn held stronger views than elementary 
teachers. The majority of teachers held more non-traditional views of science than 
scientists . The scientists also expressed more traditional views of science education 
than all the teachers grouped together . The author concluded that these different views 

















Palmquist and Finley (1997:595) determined 15 preservice science teachers' views of 
the nature of science, and they described the changes in those views that occurred 
during a teacher education programme at the University of Minnesota. An investigator­
developed survey was used in conjunction with a follow-up interview after a science 
teaching methods sequence. They found that the teachers had a contemporary view of 
scientific theory, knowledge and the role of a scientist, and a traditional view of the 
scientific method. After the science teaching methods sequence, the number of 
contemporary views doubled and the number of mixed views decreased by more than 
half. The authors concluded that, although no direct instruction about the nature of 
science occurred, positive changes in teachers' views could take place when 
contemporary teaching strategies are employed. 
Abd-el-Khalick et al. (1998:417) undertook a study in the USA to delineate the factors 
that mediated the translation of 14 preservice secondary science teachers' conceptions 
of the nature of science into instructional planning and classroom practice. The 
participants responded to an open-ended questionnaire before they commenced student 
teaching. During thei r student teaching, the lesson plans, classroom videotapes, 
portfolios, and the supervisors' weekly clinical observation notes of the teachers were 
scrutinised for explicit references to the nature of science. After student teaching, the 
teachers were interviewed to validate their responses to the questionnaire and to identify 
the factors or constraints that mediate the translation of their conceptions of the nature 
of science into their classroom teaching. The teachers were found to have adequate 
understandings of several important aspects of the nature of science, but explicit 
references to the nature of science were rare in their planning and instruction. The 












develop their own understanding of the nature of science, and then to teach them how to 
transfer this during in-service training. Such an approach would allow the teachers to 
teach the nature of science in the realistic context of the secondary classroom (p433). 
Tsai (1998: 473) administered a Chinese version of Pomeroy's (1993) questionnaire 
about the nature of science to 202 Taiwanese eighth graders. Twenty students were 
used in the final sample to analyse the interaction between their scientific 
epistemological beliefs and their learning orientations. A qualitative analysis by means 
of interviews revealed that those students who hold constructivist (non-traditional) views 
of science use a more active manner and adopt more meaningful strategies in learning 
science, whereas those students who hold empiricist (traditional) views adopt more rote­
like strategies to enhance their understanding. The former are motivated by interest and 
curiosity, and the latter mainly by examination results. The author proposed that teacher 
education programmes should offer relevant courses to expound the constructivist 
philosophy; the science curriculum should focus on knowledge about science (not just 
scientific knowledge); and the way we teach can also playa role in the development of 
students' epistemological views about science (p486). However, these 
recommendations should be viewed with caution since only a small number (n = 20) of 
responses were used in the final analysis. 
Ogunniyi (1999) and a team of researchers reported their findings on grades 7-9 pupils' 
levels of scientific and technological literacy in the Western Cape. The study was 
concerned with determining what knowledge, attitudes or views about S& T are held by 
approximately 6000 grades 7-9 pupils, drawn in a stratified manner from 60 primary and 












interest is the instrument My Idea about Science and Technology which was used to 
determine teachers' and pupils' knowledge of S& T (p228). The instrument highlighted 
similarities and differences in their views. Most of the teachers (83%) and pupils (91 %) 
agreed with the statement that "science shows the truth about nature". Both groups also 
appeared to hold the erroneous view that technologically developed appliances, such as 
televisions, radios and telephones, are the direct products of science. Ogunniyi 
concluded that their views were sometimes disparate and not in conformity with those 
held by practising scientists or engineers. 
The review of the literature above has shown that items from the 114 VOSTS item pool 
have been used in many studies. In none of the studies were comparisons made 
between the perceptions of high school students and tertiary level students, such as 
college of education and technikon students. This study, using a modified version of the 
VOSTS instrument, compares not only these groups' perceptions of the nature of 
science, but also makes a comparison between two international student groups at the 
Year 10 level. 
2.2 Theoretical Framework 
The earlier view of the nature of science is that which was developed by Francis Bacon, 
the essence of which is that scientific studies start with an open-minded accumulation of 
data, followed by the development of a hypothesis to explain the data, and then followed 
by the testing of the hypothesis by means of key experiments (Ellington, 1981: 9). If the 
hypothesis is verified repeatedly and consistently, it becomes scientific law and is 











the hypothesis is derived from individual observations) was regarded as that which 
distinguished science from non-science. However. David Hume questioned the validity 
of this view of the scientific method since he claimed that no general statement can be 
derived from a finite number of observations (Ellington , 1981 : 10). Hodson (1982 :112) 
has argued that the inductive method is the traditional view of scientific method . 
Karl Popper contended that a scientific law can be disproved (falsified) by a single 
properly-authenticated observation that does not fit in with its predictions (Ellington . 
1981 : 10). Thus . scientific laws should be tested by trying to prove them wrong; when 
this happens they lose their status as certain knowledge. The Popperian view of the 
nature of science contradicts the Baconian view in almost every respect . and it can be 
useful in the sense that science can still advance when laws are subjected to rigorous 
testing which may result in the law being invalidated . According to Popper. science 
proceeds by conjectures and refutations until it arrives at a theory which satisfactorily 
explains the evidence (Hodson. 1982: 113). His method is also referred to as the 
hypothetico-deductive method. 
Thomas Kuhn developed the concept of a paradigm. the basic. generally-accepted 
theoretical model that underlies a particular branch or sub-branch of science (Ellington. 
1981 : 19). According to Kuhn. science develops in revolutionary spurts (scientific 
revolutions) interspersed with periods of consolidation and expansion (normal science). 
There is a period when contending schools of thought are vying for supremacy of its 
ideas. until one becomes the accepted paradigm . Classical examples of paradigm shifts 
are: the Copernican revolution in astronomy. the Darwinian revolution in biology. and the 

























Pomeroy (1993: 262) defined logicoempiricism as the belief that science is strictly bound 
by rules of inductive logic and that a true knowledge of nature can only be determined 
and confirmed by observation and experimentation. This traditional, Baconian belief 
precedes the Kuhnian era. However, non-traditionalists recognise the richness and 
variety of experience that prompt valid scientific discovery, e.g. dream, intuition, play, 
etc. all form part of the scientific method in the contemporary era. 
Tsai (1998: 474-475) distinguished between empiricist and constructivist views of 
science as follows: 
Table 2.1 Empiricist and constructivist views of science, after Tsai (1998: 474-475). 
Empiricist Constructivist 
Scientific knowledge is unproblematic and 
it provides right answers. 
Scientific knowledge is constructed (or 
invented) by scientists. 
Scientific knowledge is discovered by the 
objective data gathered from observing 
and experimenting or from an universal 
scientific method. 
Scientific knowledge development 
experiences a series of revolutions or 
paradigm shifts. 
Scientific knowledge is additive and 
bottom-up, and evidence accumulated 
carefully will result in infallible knowledge. 
Scientific knowledge is tentative. 
Many of these contrasting views match some of the items on the modified VOSTS 
instrument. For example, item 3B reads, "scientific knowledge changes because the old 
knowledge is reinterpreted in the light of new discoveries - scientific facts can change", 











Palmquist and Finley (1997: 611-613) contrasted the traditional and contemporary 
models of the nature of science. Only the roles of theory, scientific method and scientific 
knowledge are outlined below: 
Table 2.2 Traditional and contemporary models of the nature of science, after 
Palmquist and Finley (1997: 611-613). 
Theory 
Traditional Model Contemporary Model 
Theories are based directly on 
observation. 
Observations are theory-laden. 
New theories are improvements over 
old theories. 
Theories are the inventions of 
scientists . 
An entire theory is falsified if subject to 
a single contradictory fact. 
The occurrence of a contradictory fact 
does not necessarily compel the 
abandonment of a theory. 
A theory is a hypothesis that has been 
proven to be correct. 
Theories are tools used to describe, 
explain, and predict scientific 
phenomena . 
Old theories are of no use to scientists. Theories fit within certain paradigms. 
Scientific 
Method 
Science relies on precise control of 
experiments for proof. 
Methods used by scientists depend on 
circumstances . 
The use of the traditional scientific 
method is necessary to discover and 
validate theories. 
Scientists are not compelled to use the 
traditional scientific method. 
There is a single method for doing 
science. 
There is no single scientific method. 
The scientific method is a step-by-step 
process. 
Knowledge can be gained by means 
other than the scientific method. 
The method must be planned out in 
advance of the inquiry. 
The traditional scientific method is 
simply one possible guide for inquiry. 
When a scientist uses the traditional 
scientific method correctly, the results 
are true without doubt. 
Scientists can adjust their method of 
inquiry in the middle of an investigation 
and still obtain valid results. 
Scientific 
Knowledge 
Scientific knowledge corresponds 
directly to reality. 
The progression of scientific 
knowledge is not continuous. 
Scientific knowledge increases by 
accretion from observations. 
Scientific knowledge is tentative . 
Scientific knowledge progresses by an 
accumulation of observations. 
Scientific knowledge is created and 
validated by common acceptance 
within the scientific community. 
Scientific knowledge is proven or 
disproven owing to the direct influence 
of observations. 
Scientists create knowledge based on 
prior knowledge, observation, and 
logic. 
Scientific knowledge is unchanging. The tentativeness of knowledge is 
related to how much people work on it. 
Scientific data must not be interpreted 
by the scientist. 
The truth is defined as an accurate 


















The items on the three subscales of the modified VOSTS instrument also match some of 
the items as contrasted in the table above . Item 21 states that the scientific method is "a 
logical and widely accepted approach to solving problems" - which matches the 
traditional model above. 
The draft document on the Learning Area of the Natural Sciences (Department of 
Education , 1997: 53) also outlines specific outcomes which can be construed to be 
either "trad itional " or "contemporary". For example, learners must be able to : identify, 
select, and critically evaluate information; investigate natural phenomena using scientific 
process skills such as analysing, predicting, interpreting, etc .; and recognise the 
tentative nature of science. Another specific outcome is that the learner must be able to 
participate knowledgeably in democratic decision-making processes on social and 
environmental issues relating to the Natural Sciences . Therefore this present study has 
the potential to highlight students' perceptions of many of these stated outcomes, thus 
helping to complete gaps in the currently available research literature by gathering more 
school-based evidence in support of the recent government decisions on the proposed 
format of Curriculum 2005. 
2.3 Chapter Summary 
In this chapter an extensive review of the literature has shown the emergence and 
divergence of two broad schools of thought with regard to the nature of science, i.e . 
"traditional " and "contemporary". A review and critique of the related research findings in 
which the VOSTS and the modified VOSTS instruments were used, has been presented. 
Then, some general rEsearch findings on the nature of science were outlined. A 
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synopsis of the theoretical framework to be used in the interpretation of the empirical 
findings of this study was presented; and finally it was shown how the present 
investigation will close some of the gaps in the current literature by supplying school­
based, college-based and technikon-based evidence in support of the adoption, by the 
government, of the content and format of the unfolding plan for Curriculum 2005. 
In the following chapter the research method, the samples, the measuring instrument, 



















"Method" refers to the techniques and procedures used in the process of data-gathering 
(Cohen and Manion, 1989: 41). The collected data is then used as a basis for analysis 
and interpretation. In descriptive research one describes and interprets what is, i.e. 
attitudes, beliefs, points of view, etc. - the most common descriptive method being the 
survey (Cohen and Manion, 1989: 97). 
In this chapter the descriptive survey research method is outlined, the samples are 
located and described, the reliability and validity of the measuring instrument is 
discussed and the hypotheses are stated. Finally, the data collection procedure is 
outlined and the treatment of the data is delineated in detail. 
3.1 The Descriptive Survey 
The research method employed in this study is the descriptive survey. A survey is an 
attempt to obtain measurements from a sample of individuals selected from a predefined 
finite population in their natural setting (Walker and Burnhill, 1988: 101). It can be used 
to make policy, or plan and evaluate programmes, and conduct research when the 
information must come directly from people (Fink and Kosecoff, 1985: 15). The 














then be organised and presented systematically so that valid and accurate conclusions 
can be drawn from them (Leedy, 1993: 187). 
There are two types of survey designs, viz . cross-sectional and longitudinal. The cross­
sectional study was used because measurements are obtained at a particular time for 
the purpose of describing situations rather than establish causal patterns (Walker and 
Burnhill , 1988: 101). It is less expensive than cohort studies because it ensures the co­
operation of the respondents on a one-off basis, and more subjects can be included 
(Cohen and Manion, 1989: 73). A cross-sectional design that is carefully planned also 
gives a variety of ways for analysing and presenting the survey data (Fink and Kosecoff, 
1985: 67) . 
The questionnaire serves as an ideal tool to acquire the data which lies within the 
perceptions of individuals. A self-completion questionnaire was administered since it 
allows for easy supervision of students and student teachers who are a readily 
accessible population . All the items are "closed", which forces the respondents to 
choose from preselected alternatives - these have proven themselves to be more 
efficient and reliable, i.e. easy to use, score and code since everyone responds to the 
same options (Fink and Kosecoff, 1985: 26). The modified VaSTS questionnaire makes 
use of a rating scale with an ordered series of categories. The scale can be considered 
an ordinal measure, although some may take it to be an interval measure (Fink and 
Kosecoff, 1985: 34) . 
The sampling procedure used in this study is a non-probability sampling method, viz. 


















and student teachers were willing, interested and readily available groups . The method 
is also adequate since it is not intended to generalise the findings of this study beyond 
the samples in question - there is no guarantee that each element in the population will 
be represented in the sample (Leedy, 1993: 200) . 
The questionnaire was also administered during formally supervised lesson/lecture time. 
An intact response rate of about 98% was obtained with only a few of the forms being 
incomplete. 
3.2 Description and Location of the Samples 
The four local samples were drawn from two suburban high schools , one college of 
education , and a technikon in the Western Cape. The Australian sample , used for 
comparative purposes , is taken from the study of Evans and Schibeci (1991) in which 
434 Year 10 high school students in three Perth metropolitan high schools were 
surveyed. 
The two suburban high schools in Cape Town are both Engl ish medium schools which 
used to be administered by the former House of Representatives (HoR). Under the 
auspices of the HoR both schools were considered in the top three nationally. The 
student population at both schools was drawn from residential areas across the Cape 
Peninsula, rather than the immediate area in which the school is located. Many of the 
students came from a middle-class background , but some also came from the poorer 




















Sample 1 (n = 320) comprised standard eight (grade 10) students, age range 15 to 16, 
at the two suburban high schools. The sample was made up of 182 males and 138 
females, all of whom took Biology or Physical Science as natural science subjects. 
Sample 2 (n =340) comprised standard ten (grade 12) students, age range 17 to 18, at 
the two suburban high schools. The sample was made up of 154 males and 186 
females, all of whom took Biology or Physical Science as natural science subjects. 
Sample 3 (n =108) comprised first-year electrical engineering students, age range 18 to 
19, at a technikon in the Cape Peninsula. The technikon draws its student population 
mostly from township areas - many of the students matriculated under the auspices of 
the former Department of Education and Training. The sample was made up of 97 
males and 11 females . The preponderence of males in this discipline is self-evident. 
Sample 4 (n =55) comprised first-year college of education students, age range 18 to 
19, at a teacher-training college in Cape Town. The college has subsequently merged 
with another college in Cape Town. Most of the students matriculated under the 
auspices of the HoR. The sample was made up of 13 males and 42 females, all of 
whom took Science and Mathematics as their method subjects . 
Sample 5 comprised the groups of Australian students in Perth (n = 434) described 
above. A breakdown of the males and females is not available. Howie and Hughes 
(1998: 20) reported that Australian students had an average mathematics and science 
literacy score of 525 compared with the South African students' score of 352 in the Third 



















proportion of Australian students use computers daily whereas 81 % of South African 
students said that they rarely or never used a computer. As a first world country, 
Australia has a well developed science and technological infrastructure. 
3.3 Reliability of the modified VaSTS instrument 
Reliability coefficients GOre correlation coefficients between two sets of scores . They 
determine the amount of variance in the test scores which may be attributed to the true 
differences among individuals (Burns and Dobson, 1983:337). 
Many tests require no right or wrong answer, for example, attitude or personality scales. 
The responses are spread across a continuum. Cronbach developed a reliability 
measure which is used to estimate the internal consistency of such scales. This general 
reliability estimate he called coefficient alpha (a) (Kaplan, 1987:252). 
a =~) ~2lS;2) 

where N =the number of items on the test 
S2 =the variance of the total test scores 
LSj2 = the sum of the individual item variances. 
Classical theory makes the following assumptions: 
1. the items measure a single factor or trait , 
2. the item-intercorrelations are equal, 
3. the items have equal variances, 

















Cronbach's a assumes that at least the first three assumptions are valid (Bartram, 
1990:71 ). 
Computation of Cronbach's a using the item variances and total scale score variance on 
the modified VOSTS scales: 
The raw scores of sample 4 have been used to calculate a (See Appendix D): 
N =26 items ; S2 =72.02; LS? =18.17 
a =26 (72 .02 - 18.17) 
25 (72.02) 
= (1.04) ( 0.748) 
a =0.778 
This measure of approximately 0.78 means that the internal consistency or reliability of 
the modified VOSTS instrument is quite high. Too high a level of consistency could 
indicate that the questions are possibly repetitive. However, the actual value of a must 
be interpreted with cau tion since the assumption of equal item variances is not strictly 
true for the data used in the above calculation. 
3.4 Validity 
Validity deals with the effectiveness of the measuring instrument - does it measure what 
it is supposed to measure? There are several types of validity: for example, predictive, 



















Aikenhead and Ryan (1992 : 487-488) have argued for the external reconceptualisation 
of validity which goes beyond technical concerns and explores the meaning of the term 
within the reseach paradigm . The VOSTS items were developed by gathering empirical 
data about how students actually respond to an item. Thus , it is assumed that the 
VOSTS items possess an inherent content validity as described on page 2 of 
Chapter 1. 
3.5 Hypotheses 
The following null hypotheses are tested in this study: 

Null Hypothesis 1 (Year 10 vs . year 12 students) 

That no statistically significant differences exist between the responses of 320 standard 

8 science students and the responses of 340 standard 10 science students in Cape 

Town to the importance of 26 statements on the modified VOSTS measure of the 

perceptions of the nature of science, scientific method and knowledge. 

Null Hypothesis 2 (Cape Town VS. Perth students) 

That no statistically significant differences exist between the responses of 320 standard 

8 science students in Cape Town and the responses of 434 standard 8 (Year 10) 

science students in Perth to the importance of 26 statements on the modified VOSTS 

measure of the perceptions of the nature of science , scientific method and knowledge . 

Null Hypothesis 3 (Year 12 VS . engineering students) 
That no statistically significant differences exist between the responses of 340 final year 
high school science students in Cape Town and the responses of 108 electrical 

















VOSTS measure of the perceptions of the nature of science, scientific method and 
knowledge. 
Null Hypothesis 4 (Year 12 vs. college of education students) 
That no statistically significant differences exist between the responses of 340 final year 
high school science students in Cape Town and the responses of 55 first year college of 
education science students in Cape Town to the importance of 26 statements on the 
modified VOSTS measure of the perceptions of the nature of science, scientific method 
and knowledge. 
3.6 Data collection procedure 
Before the self-completion questionnaire was administered to the students at the two 
high schools, college of education and technikon respectively, verbal permission was 
obtained from the relevant heads or heads of department at these institutions. 
The questionnaires were given to the student respondents at the start of a science 
lesson or lecture in electrical engineering. This ensured that the whole class could 
participate and complete the questionnaire in the allotted time of 20 minutes. The 
students were instructed to complete the forms and respond to all the statements on the 
three scales. The completed questionnaires were collected by the researcher with the 
assistance of the science teacher or lecturer at the particular institution. This technique 
produced a high response rate compared with the results of mailed questionnaires 
where the respondents may choose not to reply. As indicated above, the completion of 















3.7 The treatment of the data 
The modified VOSTS instrument uses a four-category rating scale which is coded 4, 3, 2 
and 1 to represent "major part" , "minor part", "no part" and "I don't know" respectively . 
This made it possible for inferential statistical procedures to be used once all the data 
had been captured on the computer. 
The data for each sample group were entered separately in a spreadsheet programme 
and saved so that it may be imported into a statistical analysis programme. A statistical 
analysis was done to produce frequencies of responses in each of the four categories. 
These frequencies were entered for any comparison to be made between the various 
sample groups. As indicated in Chapter 1, two non-parametric statistical tests were 
employed to make comparisons between the groups, viz . the Chi-square (x2) test and 
the Mann-Whitney U-test. The chi-square distribution is not accurate if the frequencies 
are less than five (Kaplan , 1987:267). Thus, the Mann-Whitney U-test was used when 
this was the case. both instances the assumption has been that the sample 
populations are not normally distributed. 
Chi-square (x2) Test: This is a non-parametric statistical test which is used to evaluate 
frequency data that are at the nominal level (Kaplan, 1987:266). 
where 0 = observed frequency and 


















This statistic would take long to compute by hand for all the data available . The 
statistical analysis by computer only requires the frequencies for each of the four 
categories for the the two sample groups being compared . A contingency table is 
generated, the x2 statistic is calculated and the level of significance is given as well. 
See Appendix E. 
Mann-Whitney U-test: This is considered to be the counterpart of the t-test in 
parametric measurements (Leedy, 1993: 284). The data from two independent samples 
is combined and ranked. Then the sum of the ranks is obtained for each group and the 
average ranks are compared to test the difference between the two population 
distributions. The null hypothesis will be rejected if there is no significant overlap 
between the population distributions (Kaplan , 1987: 285). In the computation of the 
Mann-Whitney U-test a Z-score is calculated. The level of significance is also given. 
See Appendix E. 
3.8 Chapter summary 
In this chapter the research method, the sample groups and the setting of the survey 
have been described in detail. The reliability and validity of the measuring instrument 
was discussed, the hypotheses were stated and the data-gathering procedure was 
outlined . The proposed treatment of the data was presented , and included a description 
of the statistical tests which are to be used. The results and findings of this study now 





















RESULTS AND FINDINGS 

In this chapter the results of the study are summarised, tabulated and , where 
appropriate, graphically illustrated. The findings are presented in order of the 
hypotheses 1 to 4 as set out in the previous chapter. A brief analysis of the emerging 
trends is introduced, but a more detailed discussion follows in Chapter 5. 
4.1 Hypothesis Testing 
• Hypothesis 1 (Std. 8 vs. Std. 10 students in Cape Town in 1995) 
The null hypothesis, that no statistically significant differences exist between the 
responses of 320 standard 8 science students and the responses of 340 standard 10 
science students to the importance of 26 statements on the modified VOSTS measure, 
is rejected . Responses to seven of the 26 items yield statistically significant differences 
between the perceptions of the two groups. Table 4.1 on page 46 gives the i -test 
statistics obtained using the frequencies of responses for each item. 
The greatest significant difference occurs on item 11, i.e. the perceived importance of 
science as a body of fundamental ideas, such as principles, laws and theories by the 
older sample of students . On 19 of the 26 modified VOSTS items the response patterns 
of the standard 8 and standard 10 groups are comparable or similar. This suggests that 
the teaching of a further two years of science to standard 8 pupils might have done little 
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external factors being equal. It is especially noteworthy that on items 1 Band 21 there is 
close agreement, i.e. science is finding cures for diseases and helping the environment 
and, the scientific method is a logical and widely accepted approach to solving 
problems. Figure 4.1 illustrates this graphically. 
Item 21Item 18 
%% 
Major Minor No Don't 

Part Part Part Know 

Major Minor No Don't 

Part Part Part Know 

Figure 4.1: 	 Bar graphs which show the close agreement patterns on items 1 B 
and 21 of the modified VaSTS instrument for Std. 8 students 














Table 4.1: 	 l- test statistics and levels of significant differences 
between the responses of Std. 8 students (n=320) and 











1E 8.25 * 
1F 5.62 
1G 6.26 
1H 10.49 * 
11 19.58 *** 
1J 1.64 
2A 9.31 * 
28 3.55 












3D 12.25 ** 
3E 3.61 
* P < 0.05 

** P < 0.01 















Table 4.2: Comparative percentage responses of Std. 8 students (n=320) 
and Std. 10 students (n=340) in Cape Town in 1995 
Item 
Number 
Major Part Minor Part No Part I Don't Know 
Std. 8 Std.10 Std.8 Std.10 Std. 8 Std.10 Std. 8 Std.10 
1A 48 45 42 42 7 10 3 3 
1B 63 63 31 32 4 4 2 1 
1C 63 70 33 26 2 3 2 1 
10 48 49 39 43 7 5 6 3 
1E 35 40 47 46 12 12 6 2 
1F 72 76 20 20 4 3 4 1 
1G 68 67 26 27 2 4 4 2 
1H 51 49 32 38 6 8 11 5 
11 52 63 32 31 5 3 11 3 
1J 62 66 28 26 7 5 3 3 
2A 42 51 31 30 3 4 24 15 
26 71 77 22 16 2 2 5 5 
2C 35 41 26 32 15 14 24 13 
20 66 69 21 21 2 3 11 7 
2E 76 79 15 15 4 1 5 5 
2F 58 59 24 25 5 6 13 10 
2G 61 70 25 18 3 3 11 8 
2H 75 77 18 16 2 3 5 4 
21 47 48 38 38 8 6 7 8 
2J 46 42 30 37 13 12 11 9 
2K 10 9 14 21 29 32 47 38 
3A 66 71 19 20 3 2 12 7 
36 59 65 29 27 5 4 7 4 
3C 39 38 44 42 10 14 7 6 
3D 31 36 35 35 10 15 24 14 
3E 38 39 35 29 12 16 15 16 
Additional Findings 
The following findings emerge from an analysis of the comparative percentage 
responses in Table 4.2 : 
• 	 On Scale One both groups gave the highest importance to item 1 F as a description of 
science, i.e. science is exploring the unknown and discovering something new about 












• On Scale Two both groups gave the highest importance to item 2E as a description of 
the scientific method , i.e. the scientific method is testing and retesting, proving 
something true or false in a valid way; 
• On Scale Three both groups gave the highest importance to item 3A as a 
description of how scientific knowledge changes, i.e. scientific knowledge changes 
because new scientists disprove the theories or discoveries of old scientists. 
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Figure 4.2: Bar graphs which show the high prioritisation of items 1 F, 2E and 
3A on the modified VaSTS instrument for Std. 8 students (n=320) 
and Std . 10 students (n=340) in Cape Town in 1995. 
The high percentage of "I don't know" responses on item 2K is unusual, but not 
inconsistent with the response patterns which emerged in this study (see Tables 4.4, 4.6 
and 4.8 on pages 51 - 58). This may be attributed to the wording of the item, or to the 
non-exposition of the view that "there really is no such thing as the scientific method" by 


















• 	 Hypothesis 2 (Std. 8 - Year 10 - students at two Cape Town suburban high schools 
in 1995 vs. Year 10 students at three Perth metropolitan 
high schools in 1991) 
The null hypothesis, that no statistically significant differences exist between the 
responses of 320 standard 8 (Year 10) science students in Cape Town and the 
responses of 434 standard 8 (Year 10) science students in Perth to the importance of 26 
statements on the modified VaSTS measure, is rejected. Twenty of the 26 items yield 
statistically significant differences between the two groups. The two geographically 
remote samples therefore hold appreciably discrepant views on the instrument as a 
whole . Table 4.3 on page 50 gives the i -test statistics obtained using the frequencies of 
responses for each item. Fourteen of the items yield highly significant differences at the 
p=0 .001 level. 
The most significant difference occurs on item 2H , favoured by the Cape Town sample , 
i.e. the scientific method is being accurate and not making errors. The comparative 
percentage responses in Table 4.4 show that in 1995 75% of the Std . 8 sample believed 
that this plays a major part, compared with only 51 % of their Australian counterparts in 
1991 . However, the two groups agree closely on item 1F, i. e. science is exploring the 
unknown and discovering something new about our world and universe . Again it is 
noteworthy that the agreement on item 2K is largely due to the high percentage of "I 
don 't know" responses . The different distributions of the response categories to the two 
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Fiaure 4,3: The contrasting agreement patterns on items 1 F and 2K of the 
modified VaSTS instrument for Std . 8 (Year 10) students (n=320) in 
Cape Town in 1995 and Year 10 students (n=434) in Perth in 1991. 
Table 4,3: -/ - test statistics and levels of significant differences between the 
responses of Std. 8 (Year 10) students (n=320) at two Cape Town 
suburban high schools in 1995 and Year 10 students (n=434) at three 
Perth metropolitan high schools in 1991. 
Item Number x"'-test statistic Level of significance 
1A 15.29 ** 
18 36.95 *** 
1C 25 .50 *** 
10 9.86 




11 14.04 ** 
1J 13.21 ** 
2A 21.10 
28 20.40 *** 
2C 11 .96 ** 
20 31.12 *** 
2E 16.54 
2F 16.27 *** 
2G 23.21 *** 
2H 53.23 *** 
21 16.82 *** 
2J 34.69 *** 
2K 3.86 
3A 7.25 
38 22.77 *** 
3C 11 .95 
30 5.13 
3E 4.88 


























Table 4.4: 	 Comparative percentage responses of Std. 8 (Year 10) students 
(n=320) at two Cape Town suburban high schools in 1995 and 
Year 10 students (n=434) at three Perth metropolitan high schools 
in1991.# 
Item Major Part Minor Part No Part I Don't Know 
Number Std. 8 Year10 Std. 8 Year10 Std . 8 Year10 Std. 8 Year10 
1A 48 58 42 34 7 3 3 5 
18 63 81 31 14 4 2 2 3 
1C 63 44 33 50 2 3 2 3 
10 48 40 39 50 7 4 6 6 
1E 35 17 47 45 12 27 6 11 
1F 72 74 20 20 4 4 4 2 
1G 68 48 26 42 2 4 4 6 
1H 51 43 32 37 6 6 11 14 
11 52 40 32 38 5 10 11 12 
1J 62 53 28 34 7 5 3 8 
2A 42 32 31 42 3 8 24 18 
28 71 58 22 34 2 5 5 3 
2C 35 38 26 38 15 9 24 15 
2D 66 49 21 36 2 6 11 9 
2E 76 62 15 25 4 6 5 7 
2F 58 47 24 36 5 7 13 10 
2G 61 45 25 35 3 8 11 12 
2H 75 51 18 30 2 10 5 9 
21 47 34 38 44 8 8 7 14 
2J 46 26 30 42 13 14 11 18 
2K 10 13 14 18 29 26 47 43 
3A 66 56 19 25 3 4 12 15 
38 59 42 29 37 5 9 7 12 
3C 39 34 44 39 10 13 7 14 
3D 31 24 35 38 10 12 24 26 
3E 38 33 35 33 12 14 15 20 















An analysis of the comparative percentage responses in Table 4.4 reveals that: 
• 	 On Scale One 72% of the Std. 8 students gave the highest importance to item 1 F, i.e. 
science is exploring the unknown and discovering something new about our world 
and universe , whereas 81 % of their Australian counterparts instead highly prioritised 
item 1 B, science is finding cures for diseases and helping the environment; 
• 	 On Scale Two both groups gave the highest importance to item 2E as a description 
of the scientific method , i.e. the scientific method is testing and retesting, proving 
something true or false in a valid way; 
• 	 On Scale Three both groups gave the highest priority to item 3A as a description 
of how scientific knowledge changes, i.e . scientific knowledge changes because 
new scientists disprove the theories or discoveries of old scientists. 
These findings are similar to the findings recorded for the Std . 8 and Std . 10 groups, 


















• 	 Hypothesis 3 (Std. 10 students in Cape Town vs. Electrical Engineering 
students in Cape Town in 1995) 
The null hypothesis, that no statistically significant differences exist between the 
responses of 340 final year high school science students in Cape Town and the 
responses of 108 electrical engineering students in Cape Town to the importance of 26 
statements on the modified VaSTS measure, is rejected. Ten of the 26 items yield 
statistically significant differences between the two groups. Table 4.5 on page 54 gives 
the Z-test statistics obtained using the Mann-Whitney U-test as outlined in Chapter 3. 
The greatest significant difference occurs on item 2H, which is more favoured by the 
standard 10 sample, i.e. the scientific method is being accurate and not making errors. 
There is close agreement on item 11, i.e. science is a body of fundamental ideas, such 
as principles, laws and theories. Figure 4.4 graphically illustrates the findings recorded 
for item 11. 
Item 11 
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Fiaure 4.4: 	 Plot showing the close agreement of response patterns on item 11 
of the modified VaSTS instrument for Std. 10 students (n=340) and 












Table 4.5: 	 Z - test statistics and levels of significant differences between 
the responses of Std. 10 students (n=340) and Electrical 
Engineering students (n=1 08) in Cape Town in 1995 




































































* P < 0.05 

** P < 0.01 


















Table 4.6: Comparative percentage responses of Std. 10 students (n=340) 
and Electrical Engineering students (n=1 08) in Cape Town in 1995 
Item 
Number 









1A 45 77 42 20 10 1 3 2 
1B 63 66 32 29 4 4 1 1 
1C 70 59 26 34 3 6 1 1 
10 49 40 43 43 5 10 3 7 
1E 40 29 46 32 12 31 2 8 
1F 76 81 20 12 3 6 1 1 
1G 67 59 27 32 4 7 2 2 
1H 49 44 38 40 8 9 5 7 
11 63 63 31 30 3 4 3 3 
1J 66 57 26 34 5 7 3 2 
2A 51 50 30 36 4 7 15 7 
2B 77 65 16 25 2 8 5 2 
2C 41 32 32 32 14 27 13 9 
20 69 58 21 26 3 9 7 7 
2E 79 78 15 17 1 4 5 1 
2F 59 68 25 23 6 4 10 5 
2G 70 41 18 41 3 14 8 4 
2H 77 38 16 41 3 17 4 4 
21 48 52 38 37 6 7 8 4 
2J 42 40 37 35 12 18 9 7 
2K 9 11 21 14 32 48 38 27 
3A 71 63 20 26 2 7 7 4 
3B 65 52 27 35 4 9 4 4 
3C 38 25 42 40 14 31 6 4 
30 36 35 35 38 15 17 14 10 
3E 39 49 29 31 16 17 16 3 
It is noteworthy that both groups again viewed items 1 F, 2E and 3A as being of the 
highest importance on Scales One, Two and Three respectively. Item 2K also elicited a 

















• 	 Hypothesis 4 (Std . 10 students in Cape Town vs . 1 st year students 
at a College of Education in Cape Town in 1995) 
The null hypothesis, that no statistically significant differences exist between the 
responses of 340 fina l year high school science students in Cape Town and the 
responses of 55 first year college of education science students in Cape Town to the 
importance of 26 statements on the modified VOSTS measure, is rejected. Nine of the 
26 items yield statistically significant differences between the two groups. The two 
groups do not have widely disparate perceptions of the nature of science on 17 of the 
items. Table 4.7 on pag e 57 gives the Z-test statistics obtained using the Mann-Whitney 
U-test. 
The greatest significant difference between the responses occurs on item 2H, more 
favoured by the standard 10 sample, i.e. the scientific method is being accurate and 
not making errors. Item 3C also yields a highly significant difference, more favoured by 
the standard 10 sample , i.e . scientific knowledge changes because the earth 's 



















Table 4.7: 	 Z - test statistics and levels of significant differences between the 
responses of Std. 10 students (n=340) in Cape Town and 1 st year 
College of Education students (n=55) in Cape Town in 1995 




1A 3.04 ** 
18 2.20 * 
1C -0.62 
10 0.07 
1E -2.89 ** 
1F 1.05 











2H -4.02 *** 
21 0.05 
2J 2.86 ** 
2K 2.83 ** 
3A 0.46 
38 -0 .56 
3C 3.38 *** 
3D 1.52 
3E 2.47 * 
* P < 0.05 
"P<0.01 












Table 4.8: 	 Comparative percentage responses of Std. 10 students (n=340) 
in Cape Town and 1 st year College of Education students (n=55) 
in Cape Town in 1995 
Major Part No Part I Don't Know Minor Part 
Std.10 College Std.10 College Item Std .10 College Std .10 College 
of Edu of EduNumber of Edu of Edu 
1A 45 67 42 26 10 7 3 0 
18 32 20 4 2 1 063 78 
1C 26 27 3 5 1 270 66 
5 1110 49 55 43 29 3 5 
46 44 12 24 2 71E 40 25 
76 84 20 91F 3 5 1 2 
27 26 2 21G 67 67 4 5 
8 13 5 41H 49 54 38 29 
3 7 3 511 31 3563 53 
5 141J 26 20 3 466 62 
2A 51 58 30 34 4 4 15 4 
28 77 71 16 20 2 7 5 2 
14 16 13 112C 41 35 32 38 
20 21 26 3 4 7 1669 54 
15 7 1 6 5 72E 79 80 
25 20 10 72F 59 64 6 9 
70 69 18 22 3 9 8 02G 
2H 77 53 16 26 3 16 4 5 
21 48 49 8 938 33 6 9 
37 27 12 9 9 22J 42 62 
21 15 32 292K 9 31 38 25 
2 971 74 20 13 7 43A 
27 34 4 2 4 438 65 60 
6 1142 64 14 253C 38 0 
3D 15 7 14 1336 45 35 35 
16 9 16 13 	
I
3E 39 60 29 18 
It is noteworthy that there is close agreement on items 21, 1G and 2G. The two groups 
gave the highest importance to items 1 F, 2E and 3A on the three scales respectively, 


































4.2 Chapter Summary 
Four null hypotheses have been tested in this study. All were rejected . Of the groups 
studied , the greatest number of items with statistically significant different patterns of 
responses occurred between the Std . 8 (Year 10) Cape Town group and their Year 10 
Australian counterparts. Twenty of the 26 items yielded statistically significant 
differences on the modified VOSTS instrument. For the other three hypotheses, 
although some items yielded statistically significant differences between the comparative 
groups, there was large scale agreement on many of the items. Thus there is evidence 
to suggest that the instrument is sensitive to detecting areas of agreement and 
disagreement between the various groups. 
The five groups, on average, gave the highest importance to items 1 F (77%), 2E (75%) 
and 3A (66%) on the th ree scales respectively , viz. 
• 	 Science is exploring the unknown and discovering something new about our world 
and universe; 
• 	 The scientific method is testing and retesting, proving something true or false in a 
valid way; 
• 	 Scientific knowledge changes because new scientists disprove the theories or 
discoveries of old scientists. 
Item 2K yielded the highest average percentage of "I don't know" responses. This item 
















The main empirical results of this study have been presented and briefly analysed in this 
chapter, but with little explanatory comment. A more detailed interpretation and 
discussion of the emerging trends now follow in Chapter 5. 
60 

i i i l i l  i t i













DISCUSSION OF RESULTS 

The original VOSTS instrument, developed by Aikenhead et al. (1987), was designed to 
elicit views on science-technology-society (STS) issues held by Canadian high school 
graduates. However, the instrument did not lend itself to test-retest comparisons and 
hypothesis testing using inferential statistical procedures (Rubba et aI. , 1996:387). 
In analysing and interpreting the results on the modified VOSTS instrument, I will use 
the interpretive framework outlined by Ryan and Aikenhead (1992:561), the "traditional" 
and "contemporary" models of the nature of science (Palmquist and Finley, 1997:597), 
as well as other perspectives found in the literature. Finally, I will compare and contrast 
my findings in South Africa with those of Ogunniyi (1999), also in South Africa, where 
some of his particular items were relevant to the present study. 
5.1 Defining Science (Items 1A to 1J) 
On Scale One of the modified VOSTS instrument, students were asked to respond to 
ten statements which define science . These statements were taken from interviews or 
written responses by students (N)2000) during the development of the original VOSTS 
instrument. Thus, they reflect the perspective of the respondents, and not the viewpoint 














When interpreting the student responses to statements on the epistemology of science, 
it is useful to look at three aspects of science, viz . science content, science process and 
the social context of science (Ryan and Aikenhead, 1992:562). The "traditional" and 
"contemporary" models of science are derived from the logical empiricist and post­
positivist schools of thought respectively (Palmquist and Finley, 1997:597). 
It is pertinent that, for each of the four local samples, the highest percentage of students 
responded that science is exploring the unknown and discovering something new about 
our world and universe (item 1 F). This corroborates the finding of Parker and Rochford 
(1995) in which 58 out of 82 (71%) aspirant young scientists in Cape Town schools also 
believed that this item played a "major part" in defining science . This process-oriented 
view of science represents a realistic perspective which corresponds to the 
"contemporary" model of science as an organisation of our knowledge to help us learn 
about nature. Ogunniyi (1999: 230) also found in his study that 83% of teachers and 
91 % of pupils agreed that science shows the truth about nature; and 98% of teachers 
and 68% of pupils agreed that science helps us to describe, explain and predict events 
as accurately as possible. 
By contrast, 81 % of the Australian students and 78% of the college of education 
students in Cape Town responded that science is finding cures for diseases and 
helping the environment (item 1B). This represents a na"lve view of a definition for 
science which does not distinguish between the social purposes of technology (to 
respond to human and social needs) and the inherent nature of science itself. Possibly 
























Their views support the "contemporary" model which sees science as part of human 
progress . The standard 8 and standard 10 samples were in agreement on item 1 B. 
Another preconceived image of science as promoting technological advancement is 
revealed in item 1 A, i.e. science is inventing or designing things. Significantly, 83 out 
of 108 (77%) electrical engineering students responded that this is a "major part" of 
science. It is not surprising that they subscribed to the view of "technology is applied 
science", given the nature of the discipline which they have chosen to study. This can 
also be seen as a "contemporary" view in which science is perceived as a competitive 
enterprise. Ogunniyi (1999: 230) found in his recent study that 72% of pupils and 88% 
of teachers agreed that thanks should be given to science for giving us refrigerators, 
television, radios, etc. 
The standard 8 and standard 10 groups' responses diverged on some content and 
process aspects of science. Item II , i.e. science is a body of fundamental ideas, such 
as principles, laws and theories, revealed the most disparate positions on Scale One for 
these two groups. After three year  of senior science it is suggested that the standard 
10 students might have attached greater importance to the view that the content of 
science consists of laws and theories. This suggests that they might have tended to 
hold a more "traditional" view of science whose goal is to pursue the absolute truth, but 
whether the difference was due to increasing maturity, or due to the classes having 
different science teachers is not known. Items 1 C and 1 G represent process and content 
views of science respectively, or they may be viewed as representative of the 
"traditional" and "contemporary" models respectively. The standard 8 group considered 



















science. Only 44% and 48% of their Australian counterparts believed that these two 
items, 1 C and 1 G respectively, played a "major part". Thus, no consistent overall view 
of science appeared to exist between these two inter-continental samples of students 
with respect to these particular items. 
Further comparative examination of the percentages of responses of the standard 10 
and the tertiary level students disclosed a substantial measure of concurrence on the 
content and process aspects of science, e.g. 63% of standard 10 and 63% of electrical 
engineering students viewed item II as playing a "major part" in defining science. 
Individual science educators at secondary and tertiary level also have their own 
particular views of the nature of science. For example, if they teach basic scientific 
principles by merely explaining them during lectures, the impression may be created that 
contemporary science is a body of knowledge which is certain (Palmquist and Finley, 
1997:595). However, Alters' study (1997:48) concluded that the science education 
research community should acknowledge that exists no one agreed-upon nature of 
science. 
Curriculum 2005 aims to develop learners who are "critical" thinkers; who are able to 
integrate knowledge; and who can learn relevant topics connected to real-life 
situations. The results of this current investigation indicate that, when defining science, 
the samples of South African students tended to hold more "contemporary" views of 
science on various items. Thus, the students adopted a more holistic approach to 
knowledge integration in some respects, which is in line with what Curriculum 2005 














5.2 Perceptions of the Scientific Method (Items 2A to 2K) 
Scale Two of the modified VaSTS instrument comprises eleven statements which 
address the perceptions of scientific method. While there is no universally accepted 
view of scientific methods, it is feasible to analyse the student responses in terms of an 
inductive or deductive approach - both are traditional views. An inductive approach 
assumes that observations will lead to the derivation of certain laws and theories which 
explain them (Hodson, 1982: 112). In the science curriculum this may be given as a 
prescriptive procedure to follow in the laboratory - the "traditional" approach. Deduction 
is the reverse process in which laws and theories are first hypothesised and predictions 
are then made from these. These may be contrasted with the "contemporary" model 
which proposes that there is no single scientific method, i.e. a step-by-step process. 
Item 2E, i.e. the scientific method is testing and retesting, proving something true or 
false in a valid way, was chosen by all five comparative groups as the more important 
description of the scientific method. This finding is consistent with the results reported 
by Parker and Rochford (1995) for aspirant young scientists and mainstream students. 
This item describes the scientific method in the Popperian sense whereby a theory is 
experimentally validated - the hypothesis is either supported or rejected. The majority of 
such students therefore subscribe to the hypothetico-deductive method (Hodson, 
1982:113), i.e. they tend to favour the "traditional" approach . It would be interesting to 
















Item 2F, i.e. the scientific method is postulating a theory, then creating an experiment 
to prove it, is also a typical formulation of the deductive approach. Student responses 
were largely in agreement with this statement as a description of the scientific method. 
From a theoretical aspect this item is typical description of the "contemporary" model, 
but it conforms to the "traditional" model if the actual experiment follows a step-by-step 
process. 
The wording of item 21 reads that the scientific method is a logical and widely 
accepted approach to solving problems. A hypothesis is first produced, then it is 
logically investigated - this is the deductive approach. The views of four of the sample 
groups, except the Australian sample, concurred on this item which is a "traditional" 
view. Parker and Rochford (1995) had similar findings on this item . 
Fewer than half of the students (47% across the samples) perceived the scientific 
method as a textbook-prescribed laboratory procedure (item 2A) - this being the 
inductive approach of making observations, then arriving at a theory. However, this 
does not suggest that they held "contemporary" views of the scientific method. Again, 
this corroborates the findings of Parker and Rochford (1995). 
Item 2G is also a typical descriptor of the inductive ("traditional") approach. 
Comparisons of student responses were varied on this item - the standard 8, standard 
10 and college of education students concurred, whereas the standard 8 vs. year 10 
(Australian) and standard 10 vs. electrical engineering students held widely dissimilar 
views. The high school and college of education science students had been exposed 

















engineering students in this particular study came from a background of non-exposure to 
laboratory work. This possibly explains why they were divided on this item, i.e. 41 % 
chose the "major part" and 41 % selected the "minor part" response. 
Further evidence of a wide acceptance of the inductive ("traditional") method is provided 
by the comparative percentage responses on item 2B, i.e . the scientific method is 
recording your results carefully - 71 % of standard 8, 77% of standard 10 and 71 % of 
college of education students considered this to play a "major part". Seventy five 
percent of standard 8 and 77% of standard 10 students also held the view that being 
accurate and not making errors (item 2H) is a "major part" of the scientific method. It is 
interesting to note ( but also possible cause for concern) that only 38% of the electrical 
engineering sample considered this to playa "major part". Besides the reasons outlined 
above, there may be other factors which played a part in their choice of response. 
Parker and Rochford (1995) also found 76% and 68% of the EXPO students respectively 
viewed items 28 and 2H to playa "major part". 
The last item on Scale Two received a high percentage of "I don't know" responses from 
all five samples. A contemporary view is that "there really is no such thing as the 
scientific method" (Ryan and Aikenhead, 1992: 572) . It is not surprising that students 
responded "I don't know" to item 2K which subscribes to the "contemporary" model. 
Palmquist and Finley (1997:610) showed that teachers had a "traditional" view of the 
scientific method which they portrayed in the classroom. Thus, students might not have 
been directly exposed to the "contemporary" view in the classroom. In terms of 
Curriculum 2005, it is interesting to note that while many of the students defined science 















"traditional" way, i.e. many students still needed to develop critical thinking in terms of 
"contemporary" views. 
5.3 Perceptions of scientific knowledge (Items 3A to 3E) 
Scale Three of the modified VaSTS instrument consists of five statements which 
examine how scientific knowledge changes. The statements retained the same wording 
as in the original VaSTS instrument. They address the tentative nature of scientific 
knowledge without mentioning the term "tentative" (Ryan and Aikenhead, 1992: 575). 
Analysis of the comparative percentage responses shows that the majority of students 
considered item 3A to playa "major part" in the changing nature of scientific knowledge. 
This characterises a fals ificationist position whereby the old scientific facts are disproved 
by new investigations. Hodson (1982:113) contended that falsification, rather than 
verification, is the central feature of Karl Popper's philosophy. The "traditional" model 
propounds the view that scientific knowledge is proven or disproven owing to the direct 
influence of observations. 
In The Structure of Scientific Revolutions Thomas Kuhn (1970) proposed that science 
proceeds by successive phases of "revolution" and consolidation (Hodson, 1982: 114). 
Item 38, i.e . scientific knowledge changes because the old knowledge is reinterpreted 
in the light of new discoveries , depicts this paradigm shift to which Kuhn refers. an 
scale three a large percentage of students perceived this contemporary constructivist 














students held a Kuhnian perspective, except to suggest that they indicated their belief 
that scientific knowledge or "facts" can change, i.e. scientific knowledge is tentative. 
On item 3C, i.e. scientific knowledge changes because the earth's physical 
environment changes and this affects the outcome of investigations, most students 
responded that it played a "minor part". Sixty four percent of the sample of college of 
education students held this view. The response patterns were uniform, except for the 
standard 1 0 vs . college of education students. This portrays a realistic view on the 
tentative nature of scientific knowledge, unencumbered by the changes in nature. 
Scientific investigations are normally carried out under controlled conditions. 
Item 3D expresses the view that old scientific facts do not change - only their 
interpretation and application change. This absolute ("traditional") view of science as 
yielding unchangeable facts was identified as "excessive rationalism" by Nadeau and 
Desautels (1984; cited by Ryan and Aikenhead, 1992:561). The students were equally 
divided as to whether this item played a "major part" or "minor part" on Scale Three. 
The last item (3E) on Scale Three also depicts an absolute view that the old facts do not 
change, but new knowledge is added onto old knowledge. This out-dated epistemic 
perspective describes the progress of science as simply an accumulation of knowledge 
(Ryan and Aikenhead, 1992:576). Sixty percent and 49% of the college of education 
and electrical engineering students, respectively , believed that this item played a "major 

















The students appeared to hold mixed views (either "traditional" or "contemporary") on 
the last scale of the modified VOSTS instrument. This supports the view that there is no 
single view of the nature of science, and is also consistent with the findings of Ayayee 
and McCarthy (1995: 102). In terms of the new curriculum, the students' level of 
sCientific literacy may be enhanced if they are exposed to more contemporary views in 
the classroom. 
5.4 Adaptation of the study for Curriculum 2005 
The new Curriculum 2005 (1997) has eight clearly defined learning areas - two of these 
being Technology and Natural Sciences. While the original VOSTS has a pool of 114 
items to choose from, the modified VOSTS used in this study is limited in its scope. In 
the future a number of changes will have to be made to make it more student-friendly in 
terms of Curriculum 2005, and in terms of the recent release of definitive publications by 
the MAS (1999a and 1999b) on the current understanding of the nature and 
methodology of science and technology:­
• 	 An analysis of the items and of some of the incongruous responses indicated that 
some items may possibly have to be rephrased. These are items 1 B, 1D, 2C, 2K 
and 3C ; 
• 	 A separate scale for technology will have to be introduced; and 

















5.5 Chapter Summary 
The main aspects in the epistemology of science on which this study focused were: the 
definitions of science, the nature of the scientific method and the tentativeness of 
scientific knowledge. 
In defining science, the majority of students expressed the realistic view that science is 
exploring the unknown and discovering something new about our world and universe. 
However, some did not distinguish between the social purposes of technology and the 
empirical role of science. The students also did not express consistent views on the 
process and content aspects of science. 
Most of the students chose to define the scientific method in a deductive (formal logic) 
sense. However, a large proportion of students, especially high school students, 
endorsed the inductive approach. Both of these are "traditional" views. The view that 
there is no such thing as a scientific method, although a contemporary perspective, 
elicited a large percentage of "I don't know" responses. This item needs to be 
rephrased. 
On the last scale, the majority of students agreed on the tentative nature of scientific 
knowledge. They attached greater importance to a falsificationist perspective as 
opposed to a constructivist view. Some, however, also held the view that scientific 











In the following chapter I offer some recommendations based on my findings in this 















SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

6.1 Summary 
This empirical study measured and compared students' perceptions of the nature of 
science using a modified version of the VOSTS instrument. Four convenient sample 
groups were drawn from two local high schools, a technikon and a college of education. 
A fifth sample was taken from a study in Australia where 434 Year 10 students' views of 
science were recorded. These findings were compared with the corresponding views of 
their South African counterparts. 
Two non-parametric statistical tests, the Mann-Whitney U-test and l- test, were used to 
determine any statistically significant differences between the sample groups. All four 
null hypotheses were rejected. The highest percentage of students perceived science 
as exploring the unknown and discovering something new about our universe; the 
scientific method was perceived as testing and retesting, proving something true or false 
in a valid way; and scientific knowledge changes because new scientists disprove the 
theories or discoveries of old scientists. All the results were analysed and interpreted in 
terms of a "traditional" and "contemporary" model of science. 
The samples of South African students tended to hold more "contemporary" views of 
















way, and the students appeared to hold mixed views (either "traditional" or 
"contemporary") on the .ast scale of the modified VOSTS instrument. 
6.2 Conclusions 
Students' perceptions of science are informed by their knowledge of a number of 
different aspects of science. Student knowledge of the theoretical concepts in science, 
and the methods used by scientists to investigate and perform experiments, are 
reinforced by the science curricula, the media and other informal experiences. However, 
knowledge about the nature of science, that is, how scientific knowledge is developed 
and used, is not explicitly taught, unless students follow a course in the history and 
philosophy of science. 
The results of this study suggest that the modified VOSTS instrument available at the 
time, was a reliable and valid instrument which was sensitive to detecting areas of 
agreement and disagreement between the various groups surveyed. They also add 
credence some of the objectives of Curriculum 2005 with regard to scientific literacy in 
the learning area of Natural Sciences. 
Students perceived science as a process of discovering the world, but they partially 
failed to see how social activities might influence the acquisition of knowledge. Their 
formal learning experiences might also have led to the development of na"ive views 
which do not distinguish between the roles of science and technology. Most of the 
students perceived the scientific method in a "traditional" way, that is, as a step-by-step 













scientific knowledge, and attached greater importance to the falsifiablity of an 
investigation. This view can be contrasted with the constructivist perspective which 
does not view knowled;Je construction as independent of our thoughts and theoretical 
commitments. 
If students' perceptions of the nature of science can impact upon their learning, then the 
challenges facing science educators may be appreciable, and it may be difficult to 
influence views which have been constructed during years of formal education. 
However, sustained efforts must continue to be made to promote scientific literacy at 
both the macro and micro levels. 
6.3 Recommendations 
The following recommendations are made regarding the study as a whole: 
1. 	 The content of the STS topics for use in future research can be expanded, including 
specific scales for technology. Other topics which might possibly be included are: 
the impact of science and technology on the environment; the social roles of 
scientists, engineers and technologists; etc. Careful item selection has a direct 
bearing on the content validity and the constructs to be measured. 
2. 	 In future studies the instrument must be updated and redesigned to incorporate the 
different cultural aspects of our population and Curriculum 2005 criteria. The 
instrument might also be modified and translated into Xhosa or Zulu, or any other 











3. Comparisons can then be made between the various cultural or language groups' 
views of science and technology. 
4. 	 Curriculum 2005 must include specific topics on the nature of science and 
technology so that the desired outcome of having scientifically literate individuals 
might be realised. 
5. 	 Students' response~ ; must be followed by a semi-structured interview so that they 
may motivate their responses in a South African context. 
6. 	 It is suggested that science teachers might undertake a course in the History and 
Philosophy of Science during their teacher training . This might enhance their ability 
to impart knowledge in the classroom when the nature of science and technology is 
dealt with, and this suggestion could be investigated in future. 
7. 	 Long-term studies might also be carried out to determine whether science students' 
views change as they progress to a higher educational level. The assumption would 
be that the sample groups remain intact over a long period ; this methodological 
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STUDENTS' PERCEPTIONS OF THE NATURE OF SCIENCE AND 

TECHNOLOGY, SCIENTIFIC METHOD AND KNOWLEDGE 

AN INTERNATIONAL COl\1P ARlSON 
Nazeem Edwards andKevin Rochford, School ofEducation, University ofCape Town, KR@education.uct.ac.za 
In 1995 a class ofN=340year 12 (final year) high school science students in Cape Town responded to 26 items 
on the modified VaSTS scales, which measure perceptions ofthe nature ofscience and technology, Scientific 
method and knowledge of science and technology - after Evans and Schibect (1991). Item by item, their 
response patterns were then compared with the corresponding response patterns ofthree other samples in Cape 
Town in 1995. These were: N=320 year 10 high school science students; N=55 first year college ofeducation 
science students and N=108 technical students at one ofthe technikons in Cape Town. The response patterns 
obtained with the four samples in 1995 were also compared with those available from a sample of434 year 10 
high school science students obtained in Western Australia surveyed in 1991. The five samples, on average, 
attributed the highest importance to the VaSTS item "Science is exploring the unknown and discovering 
something new about our world and universe". Comparing pairs ofthe five samples ofstudents, however, the 
year 10 Cape Town science class and the year 10 Perth science class produced response patterns which were 
Significantly different on all bilt sir ofthe 26 VaSTS items. In Cape Town the response patterns ofthe sample 
pairs of technikon and science students showed close agreement. However, several items revealed highly 
Significant response differences with the technikon students. These concerned science as inventing or designing 
things; finding and solving puzzles; and the nature ofthe processes involved in SCientific method The findings 
are presented and discussed in the special conter( ofboth the "traditional" model and the "contemporary" 
model ofthe nature ofscience. 
Introduction 
In their investigation into preservice teachers' views on the nature of science during a postbaccalaureate science 
teaching programme, Palmquist & Finley (1997:595) explained why science teachers need to recognise the nature 
ofscientific endeavour and how it relates to science teaching. Their research concluded that most ofthe preservice 
teachers had. definite views of various aspects of the nan.rre of science which were either ''traditional'' or 
"contemporary" . 
Their work was a sequel to the studies of several earlier investigators, such as Aikenhead, Flemming & Ryan 
(1987); Aikenhead (1988); and Aikenhead & Ryan (1989); and it was in that particular context that the current 
study was conducted, and is now presented. 
Background of the Study 
In 1987 Aikenheadetal. developed an instrumentfor detennining Views ofScience-Technology-Society (VOSTS). 
The content of the scales was defined by the domain of science-technology-society (STS) topics appropriate for 
high school students. Initially, a pool of 114 items was developed by producing choices which were empirically 
derived from students' writings and from a series of interviews. These were administered to more than 2000 grade 
11 and 12 students in Canada, as a result ofwhich there originated a distilled group ofjust 26 items clustered into 
three coherent scales. 
In 1991 Evans and Schibeci used a modified VOSTS instrument to assess 343 Australian students' views on 
selected aspects of the STS theme; and in South Africa Parker and Rochford (1995), and Edwards et al. (1997), 
conducted further corroborative studies with more than 1400 South African students. 
The modified VOSTS instrument used 26 items to measure students' views on three scales, commencing with the 
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Purpose 

In the light of the "traditiunal" ar:d "contemporary" models ofthe nature ofscience, the purpose of this study was 

to compare and contrast the perceptions of different groups ofscience aDd technikon students on selected aspects 

of the science-technology society theme using the three VaSTS scales. It set out to evaluate the South African 

and Australian responses of five convenient sample groups, in the age range 15 to 19 years, in respect to the 

importance of26 items on the modified VaSTS instrument of Evans and Schibeci (1991). 

Its three subs cales purport to measure student perceptions of: the nature ofscience (10 items); the scientific method 

(11 items); and how scientific knowledge changes (5 items) . 

Importance of the Study 

At the same time as the work ofOgunniyi (1998), this study in Cape Town was carried out as one ofmany recent 

inter-related local investigations into people's perceptions of the world of science and technology; the effects of 

science and technology on traditional beliefs and culture; young people's attitudes towards science and technology 

in Africa; the popularization ofscience and technology; the state ofscience and technological literacy in Southern 

Africa; and the role of the communications media in public understanding of science and technology. . 

These studies were a sequel to the release, by the Foundation for Research Development (1996), of science-and­





The data was collected during normally scheduled lecture times or periods of instruction in physical science, 

biology, mathematics and engineering at the high schools, college and technikon respectively. The modified 

VaSTS instrument required approximately 15 minutes to administer and complete. 

In order to detect the existence of significant differences between the response frequencies ofthe various groups, 

the patterns ofresponses (i.e. the headcounts ofpreferences) were analysed using chi-squared tests. When certain 

responses recorded fewer than five counts from a specific student sample for a section of a given item, the Mann­





The modified VaSTS consisted ofthree scales comprising a total of26 item statements, every one of which had 





The hypothesis sought to test whether any statistically significant differences existed between the frequencies of 

the choices ofthe five sample groups with respect to the relative importance ofthe 26 item statements constituting 





averall, the five groups, on average, attnbuted the greatest importance to the following items on the three scales:­
,. 
"Science is exploring the unknown and discovering something new about our world and universe" (77%);
• "The scientific method is testing and retesting, proving something is true or false in a valid way" (75%); 
and · 
,. "Scientific knowledge changes because new scientists disprove the theories or discoveries of old scientists" 
(66%). 
All null hypotheses tested in this investigation were rejected by the data obtained for all five samples, on at least 
some of the 26 items comprising the VaSTS. For the Cape Town samples, however, there was widespread 
agreement (i.e. non-significant differences occurred) between various pairs ofthe samples, for many ofthe items. 
Thus there was ample evidence to suggest that the instrument was sensitive to detecting areas of agreement and 
disagreement between the various groups surveyed. 
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Item 1A reads, "Science is inventing or designing things (e.g. artificial hearts. computers, space vehicles, etc.)". 

It was food that 75% ofthe techniknu students, but only 45% ofthe final year high school students, described 

this item as being a major part ofscience. There appears to be an appreciable difference between the thinking of 

science and technikon students on this item (z=5.86). 

Item IE reads, "Science is finding puzzles and solving them", but 31% ofthe technikon students said they thought 

this played no part in science. In this respect, the responses of the technikon students were significantly different 

from those of the science students (z=4.10). 

However, the technikon students strongly favoured item 2G, "The scientific method is questioning, hypothesising, 

collecting data and concluding" (z=4.88), as well as item 2H, "The scientific method is being accurate and not 





Palmquist & Finley (1997) provide a 30 point comparison between the ''traditional'' model and the "contemporary" 

model of the nature of science, under six common headings. They are Theory (T), Role of a Scientist (R), 

Scientific Knowledge (K), Scientific Method (M), Laws (L) and General (G). This is attached in Annexure A. 

From the evidence provided by a total of 823 high school, college and technikon students in their responses to the 

items comprising the three scales ofthe modified VaSTS, it appears that different types ofscientifically~rientated 

and tecbnically-orientated students might perceive certain aspects of the theory of the nature of science, the role 







Science and technikon students' descriptions ofscience, the scientific method and scientific knowledge were found 

to be similar in some ways, but differeD1 in others, especially ifthe students were the products ofeducation systems 

on different continents. These preliminary findings might be useful to future science and technology curriculum 
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Appendix 
TRAlJITIONAL MODEL OF lHE NATURE OF SCIENCE 
Theory (T) 
1. Theories are based directly on observation. 
2. New theories are improvements over old theories because observations improve and increase over time. 
3. An entire theory is falsified if subject to a single contradictory fact. 
4. A theory is a hypothesis that has been proven to be correct. 
5. Old theories are of no use to scientists. 
Role of a Scientist (S) 
1. A scientist evaluates scientific claims'exclusively through empirical evidence. 
2. All actions of a scientist are assumed to be open-minded andobjective. 
3. A scientist is someone who uses the traditional scientific method. 
4. A scientist strives to discover the absolute truth. 
5.1 Scientists must avoid being influenced by anything outside of "pure" science. 
5.2 Scientists must report data. exactly as their senses perceive it. 
Scientific Knowledge (K) 
1. Scientific knowledge corresponds to reality. 
2. Scientific knowledge increases by accretion from observations. 
3. Scientific knowledge progresses by an accumulation of observations. 
4. Scientific knowledge is proven or disproven owing to the direct influence of observations. 
5.1 Scientific knowledge is unchanging. 
5.2 Scientific data must not be interpreted by the scientist. 
Scientific Method (M) 
1. Science relies on precise control of experiments (and match with prediction) for proof. 
2. The use of the traditional scientific method is necessary to discover and validate theories. 
3. There is a single method for doing science. 
4. The scientific method is a step-by-step process. 
5.1 The method must be planned out in advance ofthe inquiry. 
5.2 When a scientist uses the traditional scientific method correctly, the results are true without doubt. 
Laws (L) 
1. Scientific laws are found directly in nature. 
2. Scientists interpret the laws found in nature. 
3. Scientific laws can be proven to be absolutely true. 
4. Laws are proven theories. 
General (G) 
1. Science is only the set of findings called scientific knowledge. 
2. Explaining an event consists of carefully reducing that event to known knowledge. 
3. Progress consists of discovering theories that represent a closer approximation to the absolute truth. 
4.1 Science is "doing experiments /I • 
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CONTEMPORARY MODEL OF THE NATURE OFSCIENCE 
Theory(T) 
1. Observations are theory-laden. 
2. Theories are the inventions of scientists. 
3. The occurrence of a contradictory fact does not necessarily compel the abandonment of a theory. 
4. Theories are tools used to describe, explain and predict scientific phenomena. 
5. Theories fit within certain paradigms. 
6.1 A scientist's initial notions of where to start an inquiry are theory laden. 
6.2 Theories are validated by their connection to other, generally accepted theories. 
6.3 Observations are influenced by social fuctors. 
What a Scientist Does (S) 
1. The primary act of a scientist is often a leap of imagjnation or creativity. 
2. A scientist interprets results based on prior knowledge, observation, logic and social factors . 
3. Scientists create theories based on prior knowledge, observation and logic. 
4. A scientist works within the scientific community to evaluate and contemplate the work of other scientists. 
5.1 Scientists make decisions before inquiry based on prior knowledge, observation, logic, and social factors. 
5.2 A scientist is someone who is curious. 
5.3 Scientists communicate with other members of the community. 
5.4 A scientist is influenced by past research. 
5.5 The first inclination ofa' scientist is to try to integrate new knowledge into old knowledge. 
Scientific Knowledge (K) 
1. The progression of scientific knowledge is not continuous. 
2. Scientific knowledge is tentative. 
3. Scientific knowledge is created and validated by common acceptance within the scientific community. 
4. Scientists create knowledge based on prior knowledge, observation, and logic. 
5.1 The tentativeness ofknowledge is related to how much people work on it. 
5.2 The truth is defined as an accurate description ofnature. 
Scientific Method (M) 
1. Scientists are not compelled to use the traditional scientific method. 
2. There is no single scientific method. 
3. Methods used by scientists depend on circumstances. 
4.1 Knowledge can be gained by means other than the scientific method. 
4.2 Scientists can adjust their method of inquiry in the middle of an investigation and still obtain valid results. 
4.3 The traditional scientific method is simply one possible guide for inquiry. 
Laws (L) 
1. Laws are created by scientists. 
2. Laws are validated within the scientific community. 
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ABSTRACT 
In 1995 a class of 108 electrical engineering students in Cape Town responded to 26 items on the modified 
VOSTS scales, which measure perceptions of the nature of science and technology, scientific method and 
knowledge of science and technology - after Evans and Schibeci (1991). Item by item. their response patterns 
were then compared with the corresponding response patterns of three other samples in Cape Town in 1995. 
These were: 340 year 12 (final year) high school science students; 320 year 10 high school science students; 
and 55 first year college of education science students. 
The response patterns obtained with the four samples in 1995 were also compared with those available from a 
sample of 434 year 10 high school science students obtained in Perth, Australia, in 1991. 
The five samples, on average, attributed the highest importance to the VOSTS item "Science is exploring the 
unknown and discovering something new about our world and universe" (77%). Comparing pairs of the five 
samples of students, the year 10 Cape Town science class and the year 10 Penh science class produced 
response patterns which were significantly different on 20 of the 26 items; but the response patterns of the 
sample pairs of engineering and science students in Cape Town showed closer agreement With the 
engineering students, however, five items revealed highly significant response differences. 
1. INTRODUCTION 
In his paper addressed to the National Seminar on Engineering Education in South Africa in 1997. Tom Ryan 
argued that the scientific method could be explicitly integrated into engineering students' learning ex.periences. 
He concluded that the scientific method offered a good base for a learning model that could help prepare 
engineering students for practice in a changing South Africa (1]. 
The National Seminar was convened as a sequel to the release of the White Paper on Education and Training 
in a Democratic South Africa: FIrst Steps to Develop a New System. In its Statement of Values and Principles 
o f Education and Training PoliC). the White Paper states that an appropriate mathematics, science and 
technology initiative is essential to make up the chronic national deficit for economic advancement (2]. 
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2. BACKGROUND OF THE STUDY 
In 1987 Aikenhead et al. developed an instrument for determining Views of Science-Technology-Society 
(VOSTS). The content of the scales was defined by the domain of science-technology-society (STS) topics 
appropriate for high school students. Initially, a pool of 114 items was developed by producing choices which 
were empirically derived from students' writings and from a series of interviews. These were administered to 
more than 2000 grade 11 and 12 students in Canada [3, 4]. 
In 1991 Evans and Schibed used a modified VOSTS instrument to assess 343 Australian students' views on 
selected aspects of the STS theme [5]; and in South Africa Parker and Rochford in 1995, and Edwards et al. in 
1997, conducted further corroborative studies with more than 1400 South African students [6;7]. The 
modified VOSTS instrument used 26 items to measure students' views on three scales, commencing with the 
lead headers: "Science is... ", "The scientific method is ... " and "Scientific knowledge .. . " respectively. 
3. PURPOSE 
The purpose of this study was to compare and contrast the perceptions of different groups of science and 
engineering students on selected aspects of the science-technology society theme. It set out to evaluate the 
South African and Australian re~ponses of five convenient sample groups, in the age range 15 to 19 years, in 
respect to the imponance of 26 items on the modified VOSTS instrument of Evans and Schibeci (1991). Its · 
three subscales purport to measure student perceptions of: the nature of science (10 items); the scientific 
method (11 items); and how scientific knowledge changes (5 items). 
4. II'v1PORTANCE OF THE STUDY 
This study in Cape Town was carried out as one of many recent inter-related local investigations into people's 
perceptions of technology; the effects of science and technology on traditional beliefs and culture; young 
people's attitudes towards science and technology in Africa; the popularisation of science and technology; the 
state of science and technological literacy in Southern Africa; and the role of the news media in public 
understanding of science and technology [8] . These studies were a sequel to the release, by the Foundation for 
Research Development, of science-and-technology indicators showing underperformance in the South African 
context in 1996 [9]. 
5. METHODOLOGY 
The data was collected during normally scheduled lecture times or periods of instruction in physical science, 
biology, mathematics and electrical engineering at the high schools, a college and a technician respectively. 
The modified VaSTS instrument required approximately 15 minutes to administer and complete. In order to 
detect the existence of significant differences between the response frequencies of the various groups, the 
panerns of responses (i.e. the headcount of preferences) were analysed using chi-squared tests. When certain 
responses recorded fewer than five responses from a specific student sample for a section of a given item, the 
Mann-Whitney U-test was employed to test for statistical differences in that instance. 
6. TIIE INSTRUMENT 
The modified VaSTS consisted of three scales, a full copy of which is attached in Appendix 1. The scales 
comprised a total of 26 · item statements, every one of which had to be rated as a perceived "major part", 
"minor part", "no part" or "I dcn't know" by each respondent 
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The hypothesis sought to test whether any statistically significant differences existed between the frequencies 
of the perceptions of the five sample groups with respect to the importance of the 26 item statements given on 
the modified VaSTS. 
8. RESULTS _ 

Overall, the five groups, on average, attributed the greatest importance to the folloWing items on the three 

scal~s : 
Item IF (77%): "Science is 'exploring the unknown and discovering something new about our world and 
universe" ; Item 2E (75%) : "The scientific method is testing and resetting, proving something is true or false 
in a valid way"; and, Item 3A (66%) ; "Scientific knowledge changes because new scientists disprove the 
theories or discoveries of old scientists". 
Item 2K yielded the highest average percentage of "I don't know" responses, and consequently it is 
recommended that the original wording of this item be reconsidered or rephrased by its authors. 
All null hypotheses tested in this investigation were rejected by the data obtained for all five samples, on at 
least some of the 26 items comprising the VaSTS. For the Cape Town samples, however, there was 
widespread agreement (i.e. non-significant differences occurred) between various pairs of the samples, for 
many of the items. Thus there was ample evidence to suggest that the instrument was sensitive to detecting 
areas of agreement and disagreement between the various groups surveyed. 
For example, the null hypothesis , "that no statistically significant differences exist between the responses of 
340 final year high school students in Cape Town and the responses of 108 electrical engineering students in 
Cape Town to the 26 statements on the modified VaSTS measure" was rejected. Five of the 26 items yielded 
highly significant differences (p<O.O1) between the two groups (high school, H.S.; and electrical engineering, 
E.E.), as indicated below:­
Item "Major part" "Minor part" "No part" Z-test 
number H.S. E.E. H.S.E.E. H.S. EE. statistic 
lA 45%75% 42% 20% 10% 1% 5.86 
IE 40% 29% 46% 32% 12% 31% 4.10 
2G 70% 41% 18% 41% 3% 14% 4.88 
2H 77% 38% 16% 41% 3% 17% .; 7.54 
3C 38% 25% 42% 40% 14% 31% 3.21 
9. DISCUSSION 

Item IA reads. "Science is inventing or designing things (e.g. artificial hearts. computers, space vehicles, 

etc.)" It was found that 75% of the engineering students. but only 45% of the final year high school students, 

described this item as being a major part of science. In this way there appears to be an appreciable difference 

between the thinking of science and engineering students. 

Item IE reads, "Science is findin g puzzles and solving them", but 31% of the engineering students said they 
thought this played no part in science. In this respect, the engineering students were distincdy different from 
































questioning, hypothesising, collecting data and concluding", as well as item 2H, "The scientific method is 
being accurate and not making errors". 
10. CONCLUSION 
Science and engineering students' descriptions of science, the scientific method and scientific knowledge were 
found to be similar in some ways, but different in others, especially if they were the products of education 
systems on different continents. These preliminary findings might be useful to cunjculwn planners working in 
an outcomes based system of education. 
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In 1994 modified Aikenhead scales were employed to 
evaluate the views on Science. Technology and 
Society (VOSTS) held by 499 female and 498 male 
15- to l7-year-old srudents enrolled in two single-sex 
high schools in Durban, South Africa. A statistical 
analysis of the group responses of the males and 
females to 26 items on the three modified VOSTS 
scales disclosed significant perceptual differences on 
15 items. In an earlier pilot study using VOSTS 
items, the findings of Zoller et al. (1990) suggested 
that gender might play a significant role in 
accounting for differences in STS vie\\ points. This 
more recent amplified South African study supports 
their hypothesis. The investigation is therefore being 
extended to engineering and teclutikon students in 
1996- 1997 in South Africa. 
INTRODl"CTION 
The establishment of a new democratic order in 
South Africa has brought about the country ' s 
readmission into the communi~' of Commonwealth 
nations. South Africa now has the added advantage 
of increased economic and technical co-operation 
\\ith other nations. The South African minister of 
Trade and Industries has also been negotiating 
bilateral agreements with Indian Ocean Rim 
countries (Race Relations SUf\·ey. 1994 /5). It is 
2 
against these posItive developments that South 
African science and engineering educators are faced 
with the problem of impaning knowledge and skills 
to young people in an increasingly competitive 
technological world. 
Citizens in a modem society also need to be 
scientifically literate in order to make informed 
decisions on personal technical issues as they arise in 
everyday life. One task of teachers and lecturers is to 
shape this scientific awareness in such a way that 
pq~iti\"e attitudes towards science and technology in 
th~ . home, in the community and in the nation are 
encouraged and developed. One way of doing this is 
to begin by evaluating students ' current views on 
selected aspects of science. technology and society 
(VOSTS). This may lead to the development of a 
more appealing curriculum which includes both 
science and technology. 
In the past, however. the domain of science and 
technology has tended to be male-dominated. so 
possible .reasons for this gender imbalance may need 
to be detennined at the same time if a new 
curriculum is to be made more attractive to girls as 
well. 
Weinburgh (1995) has re\'iewed the literature 
between 19:]0 and 199 I to analyse gender differences 
in student attiLUdes Lowards science. Her findings 
suggest that males may have shown a more positi ..... e 
attitude Loward science than females. However. she 
points out that more research is needed in this field. 
panicularly \\ith reference to gender differences. 
Swarbrick (19%) has also presented a review of 
women in engineering initiatives from 1994 - 1996 
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in Australia: and a knowledge of differences in 
gender perceptions may have implications for the 
pedagogical and psychological training of technical 
teachers discussed by Prokopovic et al. (1996). 
In their Declaration of IntenL the Gender Working 
Group of the UN Commission on Science and 
Technology sets out six goals for all governments. 
Two of these goals are that they should agree to work 
towards ensuring equal opportunities for men and 
women to acquire advanced training in science and 
technology, and to achieve gender equity "-ithin S&T 
institutions ( cited by Appleton. 1995). 
This study - conducted in L99 .. in (1."'0 single-sex 
high schools in Durban. South Africa - evaluates the 
views of a sample of 15-17- year-old male and female 
students in years 10, II and 12 towards science. 
technology and society. This investigation expands 
on the earlier findings of Aikenhead (1987, 1988) in 
Canada. Evans and Schibeci (1991) in Australia and 
of Parker et al. (1995) in Cape TO\\TI. South Africa. 
and is currently being extended to first year 
engineering and technikon students in Cape TO\\TI in 
1996 and 1997. 
'~ 
BACKGROUND 
Schibeci and Kissane ( 1994) cite Garfield' s 
definition of a scientifically literate person as one 
who has 
an understanding of the nature and limits of 
science. a mastery of basic conceptual knowledge 
in the major disciplines, and a sense of the social, 
cultural and ethical implications of science and 
technology. 
Miller (1983) suggested that the concept of scientific 
literacy is three-dimensional, Le. that it includes 
norms and methods of science. cognitive science 
knowledge, and the impact of science and technology 
on society. The 26-item modified VaSTS instrument 
measures student views on three scales. viz. "Science 
is .. "'. "The scientific method is .. . " , and "'"SCientific 
know/edge .. . " 
Appleton (1995) poses the question: "Does . Science 

. and Technology' impact differently on men and 

women?" She contends that studies have shown that 

technical improvements have been inappropriately 
formulated and designed and that women are. by and 
large. excluded from decision-making and practice in 
the science and technology arenas. Little research 
has also been done that examines gender issues from 
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a S&T perspective. Fraser-Abder et al. (1995) 
suggest six critical areas which need to be explored 
in the S&T debate: the question of access to S&T. 
the S&T curriculwn. teacher education. the teaching 
and learning environmenL career opportunities and 
training of women. 
. Since there is a great gender disparity in the 
proponion of girls entering science and technology. 
Niblaeus (1991) has suggested that vocational 
guidance teachers should encourage girls to pursue 
careers in these fields . Israelsson (1991) and Mares 
. et al. (1996) have argued that teaching practices are 
crucial in forming the attitudes of girls towards 
science and technology. and Levin et al. (1991) 
concluded that boys perform bener than girls, 
panicularly in the physical sciences. 
The VaSTS instrument was developed by 
Aikenhead, Fleming and Ryan in 1987. In 1991 , 
using a modified VQSTS instrument. Evans and 
Schibeci assessed 43.. Year 10 students in three Perth 
metropolitan high schools. In 1993 Parker et al. used 
the modified VaSTS instrument to measure the 
views held by 82 young aspirant scientists and 
technologists, as well as by 391 mainstream senior 
high school students in Cape Tm\TI. He found si:'\ 
significant response differences to VaSTS items 
between the (1.\"0 samples. However, he found no 
significant differences between the Penh and Cape 
Town samples of mainstream science students, 
indicating that these high school students in English­
speaking Western cities had similar views on science. 
technology and society. 
PURPOSE 
The purpose of the 1994 study in Durban. South 
Africa, was to determine whether or not gender 
differences existed in the senior high school students' 
views on STS, using the 26-item modified VaSTS 
instrument <lI1d. if so, to try to account for these. 
.\-{ETHOD 
During March 199.. the 26-item modified VaSTS 
instrument was administered to 997 students enrolled 
at two well established single-se:'\ high schools in 
Durban. The sample consisted of 498 males and 499 























































The modified VQSTS instrument ilSeif consislS of 
three scales. The first scale measures the strength of 
students' perceptions of the nature of science and 
technology (ten items): the second scale measures 
students ' perceptions of the sCientific method (eleven 
items); and the third scale measures students ' 
perceptions of how scientific kno\vledge changes 
(five items). Students are asked to rate statements 
associated with each scale by choosing one of the 
following: major part: minor part: no pan ; or I 
don ' t know. 
DATA A . .:'i.U.YSIS 
The item responses were used. firstly to derive 
response frequencies on all three scales; and secondly 
to determine significant gender -differences among 
the response frequencies themselves. 
RESlJLTS A~1) DISCUSSION 
Tables 1, 2 and 3 record the responses of the male 
and female students to each of the 26 items on the 
modified VQSTS scales. 
The sizes of the male (N=~98) and female (N=~99) 
samples are vinually equal. 
Fifteen of these items yield significant c= differences 
at the p=O.O 1 level for the two samples. 
The results of the c= analysis of the data show that on 
Scale One ("Science is ... ") the greatest sex 
differences occur on items !D, IE and 11. The 
Durban male and female students seem to have 
significantly discrepant views about the relative role 
of scientific apparatus, finding puzzles and solving 
them, and a study of new ideas about the world 
around us as a description of science. The female 
studenlS view science-technology more as a practical 
subject than the male studenlS because science is 
purportedly geared towards solving problems posed 
by the physical environmenLsuch as in engineering. 
There is agreement on the relative importance of 
items IA. I H and 11. with respect to science and 
technology being inventing or designing things. a 
body of knowledge and information based on facts 
and a body of fundamental ideas. 
It is noteworthy that both male and female students 
give the highest weighting to item IF as a description 
of science and technology. From the student 
perspective. science in society is to explore the 
unknown and to discover something new about our 
universe. In contrast. Parker's findings in 1993 with 
Cape Town students show that item IF is given the 
second highest weighting. 
It is clear thm. although no uniform description of 
science and technology exists among the male and 
female studenlS. large scale conunon trends do 
emerge. Both sub-groups ascribe a social purpose of 
technology to science (Items IA and 1B) by having 
the conceplion of science as improving the world. 
They also tend to hold the nad've view that science 
can explain how things works (Item 1 C). 
An analysis of the magnitude of gender differences 
on Scale Two shows that the most significantly 
different responses occur with items 2G, 2E, 2B and 
2D respectively . The male and female studenlS as 
sub-groups are appreciably disproportionate on the 
role in science of questioning, hypothesising, 
collecting data, testing and retesting, recording 
results. and efficiently getting faclS or theories. as a 
description of the scientific method. Significantly 
more females than males view these items as a 
"major part" of the scientific method. The wording in 
item 2G represents a composite view and therefore 
the students may have a vague conception that these 
pr~sses fully describe the scientific method. Both 
groups agree on being accurate and not making 
errors (item 2H), while item 2E is the most important 
priority of the scientific method, i.e. to test and 
retest. This agrees with Parker's findings on item 2E. 
A contemporary view held by many epistemologists 
is that there is no such thing as the scientific method 
(Aikenhead and Ryan, I992b). The high percentage 
of " I don't know" responses to item 2K is not 
surprising if OI}e considers that this view is not 
commonly expounded by teachers. 
The items on Scale Three address the tentativeness 
of scientific knowledge. without actually mentioning 
the term "tentative" (Aikenhead and Ryan. 1992b). 
The Durban male and female students hold 
significantly different views as to why scientific 
knowledge changes. The highest c: value is recorded 
on item 3C. "scientific knowledge changes because 
the eanh's physical environment changes". However. 
the main reason why scientific knowledge changes is 
because new scientislS disprove the theories or 
disco\'eries of old scienlislS (item 3A). 
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The female students attribute a more important role 
to four of the items on Scale Three which examines 
the changing nature of technical and scientific 
knowledge. They believe more strongly than the 
males thm: 
• old facts become different facts (item 3A), 
• old facts become the wrong facts (item 38). 
• 	 external factors influence science and technology 
(item 3C), 
• new facts are added onto old facts (item 3E). 
HO\vever, this trend has to be interpreted \\ith 
caution because, on Scales One. Two and Three 
taken as a whole, the female students are in stronger 
agreement than the males on 22 of the 26 items 
comprising the modified VOSTS illstrument. One 
possible explanation for this disproportion may be 
that the female students as a whole may be less 
inclined to identify with "minority" views than 
perhaps their more "adventurous" male counterpartS 
in the age range 15-17 years. Whether this a stable 
trend or not remains unknown. 
'", 




The United Nations' Fourth Global Women's 
Conference in Beijing. September 1995. has 
highlighted the struggles of women in key areas such 
as health, education. environment etc. Science and 
technology impact directly on all these sectors. and 
hence the contribution of women to these sectors can 
only be enhanced if science and engineering 
educators understand their .;ews on science and 
technology. 
Tamir (199") has suggested that attitudes towards 
the scientific enterprise require knowledge and 
understanding of the scientific enterprise. The 
school. faculties of engineering. technikons. mass 
media and informal experiences all contribute to the 
development of these attitudes. The student's le\"el of 
scientific and technological literacy is shaped by all 
these agencies which ultimately influence his or her 
views on science, technology and society. 
The VOSTS instrument is different from com'en­
tional instruments which evaluate what a student is 
supposed to knoll' about science. technology and 
SENZOR 97/3 
society. It has a purported diagnostic function of 
monitoring student perceptions on STS topics. The 
data collected provide empirical evidence of student 
views on STS topics. but it does not yield nonnative 
scores (Aikenhead and Ryan. 1992a). The 
implication is that engineering curriculum 
developers and science educators may structure their 
courses and curricula partially according to the 
results from such a study, with the content of items 
IF. 28. 2E and 2H, by consensus. playing a role, at 
times in some schools, technikons and technical 
colleges. 
In this study, significant sex differences were found 
on 15 of the 26 items on the modified VOSTS 
instrument. Student views about the extent to which 
certain factors contribute to the nature of science, the . 
scientific method and the changing nature of 
scientific and technical knowledge also tend to be 
spread across a spectrum. These divergent views are 
also inconsistent with contemporary views of 
scienceand technology. The adoption of a STS 
approach by science and engineering educators might 
redress this and afford the students an opportunity to 
discuss the differences between science and 
technology. 
In further studies. an analysis of the backgrounds of 
these students. together with allO\'ting them to 
motivate their preferential responses. might possibly 
suggest 	 underlying reasons for these differences. 
Differences, if any, between grade levels could also 
be determined. Furthennore, the fields of study 
which these students follow at tertiary level might 
also be traced to see how they relate to the observed 
differences on the modified VOSTS scales. as further 
investigations continue in Cape Town \'tith samples 
of technikon and engineering undergraduates in 
1997. 
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TABLE 1: Student responses to each item on SCALE ONE ('Defining Science'') of the modified 
VaSTS instrument for male students (N=498) and female students (N=499) 
Defining what science is may be difficult. Indicate the part you think each statement 
below plays in describing science. 
Science is: 
1A. inventing or 
designing things 
(e.g. artificial hearts, 
computers, space 
vehicles, etc.) 




*, 1C. explaining how 
things work 
1D. bacteria, test tubes, 
beakers, chemicals, 
maths, etc. 
1E. finding puzzles and 
solving them 
1F. exploring the 
unkown and 
discovering some­
thing new about our 
wor1d and universe 
, 1G, making theories to 
explain things 




11. a body of 
fundamental ideas, 
such as principles, 
laws and theories 
1J. a study of new 
ideas about the 
wor1d around us. 
"P<0.01 
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Major Part Minor Part No Part I Don't Know 
Male Female Male Female Male Female Male Female 
Students Students Students Students Students Students Students Students 
229 224 181 209 67 42 21 24 
287 319 163 158 37 15 11 7 
330 360 135 127 22 5 11 7 
207 281 206 189 51 24 34 5 
~ 
165 225 208 218 99 38 26 18 
358 400 98 80 28 12 14 7 
311 365 147 116 21 8 19 10 
252 255 158 185 41 26 47 33 
2B7 299 152 148 26 11 33 41 




























TABLE 2: Student responses to each item on SCALE TWO \The Scientific Method', of the modified 
VOSTS instrument for male students (N=498) and female students (N=499) 
When scientists investigate, it is said that they follow "the scientific method". Indicate the 
I 




2A. the lab procedures 
or techniques, often 
written in a book 
or journal. and 
usually by a 
scientist 







no room for 
interpretation 








2E. testing and re­
testing, proving 
something true or 
false in a valid way 
2F. postulating a 
theory then creating 




data and concluding 
2H. being accurate and 
not making errors 
21. a logical and widely 
accepted approach 
. to solving problems 






2K. considering what 
scientists actually 
do, there really is no 
such thing as the 
scientific method 
'"''8 < 0.01 
8 
Major Pan Minor Pan No Pan I Don't Know 

Male Female Male Female Male Female Male Femaie 

Students Students Students Students Students Students Students Students 

226 257 148 141 23 11 101 90 
344 405 107 72 23 7 24 15 
192 184 155 141 69 80 82 94 
316 370 118 89 21 5 43 35 
356 423 93 52 21 5 28 19 






































































TABLE 3: Student responses to each item on SCALE THREE ("Scientific Knowledge") of the modified 
VaSTS instrument for male students (N=498) and female students (N=499) . 
Even when scientific investigations are done correctly, the knowledge that scientists 
discover from those investigations may change in the future. Indicate the part you think 
each statement below plays in describing how scientific knowledge changes 
Scientific knowledge: 
• 3A. changes because 
new scientists dis­
prove the theories 
or discoveries of old 
scientists. Scientists 
do this by using 
new techniques or 
improved instruments, 
by finding new factors 
overlooked before, or 
by detecting errors 
in the original 
"correct" instrument 
3B. changes because the 
old knowledge is ra­
interpreted in the light 
of new discoveries. 
Scientific facts can 
change 
3C. changes because the 
earth's physical envi­
ronment changes and 
this affects the out­
come of investigations 
3D. appears to change 
because the inter­
pretation or the 
application of old 




3E;. appears to change 
because new know­
ledge is added onto 
old knowledge: the 
old knowledge 
doesnt change. 
"'t:\< 0 . 01 
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Major P:lrt Minor Pan No P:lrt I Don't Know 

Male Female Mak Female Male Fcma!c: Male: Fcmak 

Students Student:; StuucnLS StuUc:nt:; Sludent:; Slulknts Studc:nt:; Sluuents 

336 369 98 76 22 6 42 48 
287 352 149 113 29 14 33 20 
~ 
162 212 206 204 93 49 37 34 
157 178 171 179 81 61 89 81 
172 215 158 151 90 62 78 71 
9 
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Vyrocna konferencia EAIE. 
V diioch 22. - 24. 11. 1998 UskuLocni osa v SLokholme, 10. vYrocna 
konferencia European AssociaLion for InLernaLional Education. 
Globalny svetovy kongres 
o inzinierskom vzdelavani 
Globalny kongres 0 ifiZinierskom vzdelavani (Global Congress on 
Engineering Education ), kLory sa uskuLocni v diioch 6. - 11. september 
1998 na Akademii Gorniczo - HULniczej v Krakove, PoIsko je vyvrcholenim 
a spojenim troch vYznamnych sveL0vYch Lradicnych akcii: 
a,S. sveLovej konferencie 0 ifiZinierskom vzdelavani. 
b, 4. vYchodno - zapadneho kongresu 0 iniinierrskom vzdelavani a 
c, Medzinarodneho kongresu leadrov priemyslu a univerziL - 1998. 
Globalny kongres je doprovadzany (pocas roku 1997 a 1998) viac~rymoi 
lokalnymi konferenciami, kongresami, seminarmi v Europe, Afrike, Azii, 
Australii (podrobnejsie pozri Senzor 1/97). 
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THE NATURE OF SCIENCE AND SCIENTIFIC KNOWLEDGE 

1995 
FACULTY OF ENGINEERING 
Circle your year of study []G G[J 
Circle your gender [j G 
ENGLISH 
FIRST 
Circle your language ENGLISH 
SECOND 
LANGUAGE LANGUAGE 




(but you do not have to) 

THE OVERALL FINDINGS OF THIS STUDY WILL BE POSTED ON THE 















1. 	 inventing or designing things (e.g. artificial hearts, computers, 
space vehicles, etc.) 
2. 	 finding cures for diseases and helping the environment 
3. 	 explaining how things work 
4. 	 bacteria, test tubes, beakers, chemicals, maths, etc. 
5. 	 finding puzzles and solving them 
6. 	 exploring the unknown and discovering something new 
about 'our world and universe 
7. 	 making theories to explain things . 
8. 	 a body of knowledge and infonnation based on facts 
9. 	 a body of fundamental ideas, such as principles, laws 
and theories 
10. 	 a study of new ideas about the world around us 
8 ~ G [j 
8 ~ ~ [J 
8 ~ ~ [J 
tJ [j ~ D 
8 ~ ~ [J 

8 ~ G [J 

tJ [j G [J 

8 ~ G [J 

tJ [j ~ [J 
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The 	scientific method is: 
1. 	 the lab procedures or techniques, often written in a book or 
journal and usually used by a scientist 
2. 	 recording your results carefully 
3. 	 controlling experimental variables carefully, leaving no room 
for interpretation 
4. 	 getting facts, theories or hypotheses efficiently 
5. 	 testing and retesting - proving something true or false in a 
valid way 
6. 	 postulating a theory then creating an experiment to prove it 
7. 	 questioning, hypothesising, collecting data and concluding 
8. 	 being accurate and not making errors 
9. 	 a logical and widely accepted approach to solving problems 
10. 	 an attitude that guides scientists in their work 
11. 	 considering what scientists actually do, there really is no such 
thing as the scientific method 
8 tJ G [J 

8 0 G D 
8 tJ G [J 
8 tJ G [J 
8 tJ [j D 
8 tJ G [J 
8 tJ [j [J 
8 tJ [j D 
tJ 0 G [J 
8 tJ G [J 




















1. 	 changes because new scientists disprove the theories or discoveries 
of old scientists. Scientists do this by using new techniques or 
4 3 2 1
improved instruments, by finding new factors overlooked before, 

or by detecting errors in the original "correct" investigation 

2. changes because the old knowledge is reinterpreted in light of new IJ I.l rJ n 
discoveries. Scientific facts can change. U U LJ LJ 
3. changes because the earth's physical environment changes and IJ I.l rJ n 
this affects the outcome of investigations U U LJ LJ 
4. appears to change because the interpretation or the application of D 0 8 D 
old facts can change. Correctly performed experiments yield 4 3 2 1 
unchangeable facts 
5. 	 appears to change because new knowledge is added onto old rJ I.l rJ n 
. knowledge; the old knowledge doesn't change U U LJ LJ  
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Appendix 2: Contemporary Model of the Nature of Science 
Theory (T) 
1. 	 Observations are theory laden. 
2. 	 Theories are the inventions of scientists. 
3. 	The occurrence of a contradictory fact does not necessarily compel the abandonment 

of a theory. 

4. 	 Theories are tools used to describe. explain. and predict scientific phenomena. 
5. Theories fit within certain paradigms. 
6.1. 	 A scientist's initial notions of where to stan an in£I..uiry are theory laden. 
6.2. Theories are validated by their connection to other. generally accepted theories. 
6.3. 	 Observations are influenced by social factors. & 
a 
What a Scientist Does (S) 
1. 	 The primary act of a scientist is often a leap of imagination or creativity. 
2. 	A scientist interprets results based on prior knowledge. observation. logic. and social ~: 
factors . 
3. 	Scientists create theories based on prior knowledge. observation. and logic. 
4. 	 A scientist works within the scientific community to evaluate and contemplate the work 

of other scientists. 

5.1. 	Scientists make decisions before inquiry based on prior knowledge. observation. log­
ic. and social factors . 

5.2. 	A scientist is someone who is curious. 
5.3. 	 Scientists communicate with other members of the community. 
5.4. 	A scientist is influenced by past research. 




Scientific Knowledge (K) 
I. 	The progression of scientific knowledge is not continuous. 
2. Scientific knowledge is tentative. 




4. 	 Scientists create knowledge based on prior knowledge. observation. and logic. 
5.1. The tent'lIiveness of knowledge is related to how much people work on it. 
5.2. The truth is defined as an accurate description of nature. 
SCiemific tYlethod (M) 
I. 	ScientislS are not compelled to use the traditional scientific method. 
2. There is no single scientific method. 
3. 	Methods used by scientists depend on circumstances. 
4. 1. 	 Knowledge can be gained by means other than the scientific method. 
4.2. 	Scientists can adjust their method of inquiry in the middle of an investigation and 

still obt.ain valid results. 

4.3 . The traditional scientific method is simply one possible guide for inquiry. 
Laws (L) 
I. 	 Laws are created by scientists . 
2. 	Laws are validated within the scientific community. 
3. 	 Laws are a scientist'S best attempt to explain some part of nature. 
General (G) 
I. 	Science is an organization of our knowledge to help us learn about nature. 
2. 	 Science is part of human progress and creativity. (Science is life.) 
3. Science is a search for findings. (Science is a process.) 
4. Science consists of many disciplines and processes. 
5.1 . Science is a competitive enterprise. 
5.2. The popUlarity of scientific knowledge is directly related to the prestige of the peo­

ple who originated that knowledge. 

5.3. The ease, with which a scientist accepts knowledge is directly related to how close 
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Summary Statistics for Contingency Tables (Page 1) 
Chi-square D.F. Significance 
1.59918 :3 0.659574 
With rcws With columns 
Statistic Symmetric dependent dependent 
Lambda 0.00148 0 . 00313 0.00000 
ilncertainty (oeff. 0.00140 0.00176 0.00116 
Somers D 0.u 3343 0.03510 0.04244 
Summary Statistics for Contingency Tables ( Page 1 I 
:.. :hi-sqlJar r-~ D.F. :;. i..~n .L ~~ i C "J.n c ~~: 
;: ; " :-. I l .i U . !.i 1. ;~ ',' :.11 
'ii i;:-h 'roloJs ~ith columns 
~ c.:-:: tis t t ,~~ :3Ylllmct r' i ,; cependcnt dependent 
Lambda O.LOj3~ 0.00838 0 . 00000 
Uncert.ainty Cuett. 0.00049 0.00054 0.1)0044 
SI) nl e r . c:; D -0.00 7 53 -O.J0751 -0.007.50 
::; U !ll mat' y) r;3 ;: is t. i '.0 sf ·)!' CI) n tin g e n c y '!' a (. l e s ( p ag e 1 ) 
Chi - sq 1.13 {' e D.1:'. :-3 ign it iean ce 
'J5 . 11;:; ::)1 v O.163!J32 
With rows With columns 
Stacistie Symmetric dependent dependent 
Lambda 0.0:3436 C5, 05938 0.00000 
Uncertainty Cosff. U. 00.') 17 0.00561 0.00480 
Somer"s 0 -0.06488 -0.061534 -0.06348 
Summary Statistics for Contingency Tables (Page 1) 
Chi-square D. r. Significance 
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Summary Statistics for Contingency Tables (Page 1) 
Chi-square D.F. Significance 
(;.2484<:: 3 U.0411285 
With rows Iilith columns 
Statistic Symmetric dependent dependent 





0.008 :3 1 
-0. 0577q , 
0.80580 
-0.07271 
~umnary Statistics for Contingency Tables ( Page 1) 
Chi-square D.? .:'ig"n if iGance 
5.6243'1 3 L. L,1386 
With r "s iiith columns 
Statistic Symmetric dependent dependent 
Lambda 1l.02648 U.U4063 0.00000 
Uncertainty Coeff. 0.u0588 I).OlJ626 0.00573 
Somer's u -Ll.0.5682 -0 . 06312 -0.05184 
Summary Statistics for Contingency Tables (Page 1) 
Chi-square D.E. Signiric:3.nce 
6.26254 :3 U. u8!3512iJ 
wi til l"')WS \/ i th co lumns 
Statistic ~-~,ymm"" 1:1'.i '.:: de[)~n,j~nt dependent 









Sum mary Statistics tor Contingency Tables (Page 1 ) 
Chi-square D.f. Significance 






Lambda U.0278::: 0.0.5625 0.00000 
Uncertainty Coeff. 0.008U6 0.01164 0.00741 
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Summary Statistics for Contingency Tables (Page 1) 
Chi-square D.F. Significance 
1~3.5~14 :3 2.07258E-4 
i,hth rows With columns 
Statistic Symmetl' ic dependent dependen t 









Summary Statistics for Contingency Tables (Page 1 ) 
Chi-square D.F. Significal1ce 
1. b4:):j6 :) I~I. 642404 
With ro~s ~ith columns 
Statistic Syrnmec: ic depel1d211~ dependent 
Lambda O.tHO'7.':i U.U1675 O.OOOUO 
Uncertainty Coeff . . 1).1)015': O. I,j;j 1 S rJ 0.00137 
Some='s D - Ij . [J "* ::: d '7 -0.04230 -0.04346 
Summary Statistics tor C011cingency Tables ( Page 1) 
Chi-square D.F. Signifi~ance 
9.30791 3 0.02546::'2 
With ro~s With columns 
Statistic Symmetric dependent dependent 
Lambda 0.03::'61 0 . 07500 0.00000 
Uncertainty Coeff. 0.0076.5 0.01022 0.00611 
Somer's D -0.09722 -0.085a3 -0.11210 
Summary Statistics for Contingency Tables (Page 1) 
Chi-square D.F. Significance 
3 . 54962 3 0.314383 
With ro~s With columns 
Statistic Symmetric dependent dependent 
Lambda 0.03055 1).04688 0.00000 
Uncertainty Coeff. 0.:]0368 c~ . :=i C:3 8 8 0.00350 
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Summary Statistics for Contingency Tables (Page 1) 
Chi-square D.F. Significance 
15.2715 3 1.59874E-3 
With ro .. s With columns 
Statistic Symmetric dependent dependent 
Lambda 0 . 04658 0 . 10625 0.00000 
Uncertainty Coeff. 0.01161 0.01685 0.00886 
Somer's D -0.10384 -0.08815 -0 . 12632' 
Summary Statistics for Contingency Tables (Page 1) 
Chi-square D.t. Significance 
2.860:33 '-' " 0.413685 
With ro ..s With columns 
Statistic ~;ymme t ric dependent dependent 
Lambda 0.01873 0.03125 0 . 00000 
Uncertainty Coeff. 0.00272 0.00314 0.00241 
Somer's D -0.03380 -0 . 0340t) -0.0335:2 
SUit! n18. r y :3 tat. i s tic s . for \~ I) n ting ':: n (' y T ab 1. e s ( ? age 1) 
Chi-square D.F. Significance 
4.85071 ;) U.1831J61 
With 1'o ..s With columns 
Stacistic S ~l ml!le tr ic dependent dependent 
Lambda 0 . 02350 0 . 03438 D.OOOOO 
Uncertainty Coeff. 0 . 00531 0.00544 o . ;J 0519 
Somer"s D -0.04 8 65 -0.05688 -U.04251 
Summary Statistics for Contingency Tables (Page 1) 
Chi-square D.F. Significance 
1 . 64582 3 0 . 649045 
With ro ..s With columns 
Statistic Symmetric dependent dependent 
Lambda 0 . 011 84 :j . lJ21;:, J.U() (; UO 
Uncer~aint y Coet~ . i Uu L4 J :J. 0018 !:: . i: ! iJ 11 :: 













































. . . ... . ,. , ' _ ) ' J. ':" C" :-: ~ .~p.\ .; ' _ ' : • '.. ~ . I ."<.. ~. ...Jum U3.l':,' '-~ ~::tr:i::;r..: l:;;j 
: !-, i - .:~ q I; ~ l~ P. D.F. Sign if icance 
7.33215 3 0.0620317 
With rows With columns 
Statistic Symmetric dependent dependent 
Lambda 0 . 04745 0.08125 0.00000 
Uncercainty CoefE. 0.00631 0.00803 0.00591 
Somer's D -0.08081 -0.08857 -0. 0:j2 10, 
Summary Statistics for Conting~ncy Tables ( Page 1) 
Chi-square O.F. Significance 
.', 3 . 16173 .j 0.367355 
With rows wlch columns 
StatisT:ic Symmetric dependent dependent 
Lambda 0.01631 0.02500 0.00000 
Uncertainty eoeff . . 0.00343 0.00352 0.00334 
Somer ' s D -O.0212:i -0.02441 -0.01882 
Summary Statistics for Contingency Tables ( Page 1 ) 
Chi-square D.F . Significance 
..,1.12192 v 0.771784 
With rows With columns 
Statistic Symmetric dependent dependen t 
Lambda 0.00750 0.0156:3 0.00000 
Uncertainty Coeff. [) . OOO:~5 1) . 00123 0.00077 
Somer ' s D -0 .0 1656 -0.01496 -li.01854 
Summary Statistics for Contingency Tables (Page 1) 
Chi-square D.F. Significance 
3.67338 3 0.298960 
With roW's ihth columns 
Statistic Symmetric dependent dependent 
Lambda 0.01447 0.0312 .5 0.00000 
Uncertainty Coeff. 0.00292 0 . 00403 0.00229 








































Summary Statistics for Contingency Tables (Page 1) 
Chi-square D.F. 5 ign if icance 





















Summary Statistics far Contingency Tables (Page 1) 
----------------------~------------------------------- ---------------------
Chi-square D.F. Significance 

6.05oJ:02 :3 :J.1U8U12 

~'iith rows i;'ith columns 
Statistic Symilletric dependent dependent 
Lambda 0.03396 0.05625 0.00000 
Uncertainty Coeff. 0.00578 0.006613 0.00511 
Somer's D -0 . 06461 -0.06544 -0.06380 
Summary Statistics for Contingency Tables (Page 1) 
Chi-square D.E'. Significance 
------------------_ ._------------------------------------------------­
4.21538 3 0.239126 
With ro-.;s i'iith columns 
Statistic Symmetric dependent dependent 
------------------_ ._------------------------------------------------­
Lambda 0.0245c, 0.04375 0.00000 
Uncertainty Coeff. 0.00390 0.0(;463 0.00337 
SOlller's D -0.07118 -0,06806 -0.07346 
o . ____ _ 
/ 
/ 
r   (   
---------------------------------------------------------------------------
 . .     
----- ~
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Summary Statistics for Contingency Tables (Page 1) 
Chi-square D.F. Significance 
------------------------~--------------------------------------------
~1.80338 v 0.614199 
With ro~s With columns 
Statistic SYlOmf:tric dependent dependent 
Lambda. 0.00288 O. ,)0625 ;J . i~i tj Ci J Ci 
Un c ~ r t;3 in t y i ~~;':::::: f] . ~.i ~j ~::~8 !', \ .," . : 1 ",:: -:. 
.-.... '. ' '; I!:': :" 
;; . r . ::~ i g n i fie an c ~ 
1:2. :::4:41) :3 . ~JSiJ6GE-~)'-' 
~~ it h ro~s Viith coiumns 
S taL is t. i. .~ sY!'1 JU ~ L' i c dependent dependent 
-------------------T----------------------------------------- _______ _ 
i...am r)oa U . u:38'/-7 iJ . I~ t: 4 :3 i3 Ci.OfJ46 
,inc e r '": a in t :,7 l~ ::' e f r' . ij. :)i~:8:):3 i:l. 0 l:':;':~ !~! . C(:~.. 1 
SC'it1e r ~; D -\j . ;:io4~.:; -;J. f)~J4 ;.7;>~ - d .O·i·8Z 
~ umma ry Statistics for Contingency Tables (Page 1) 
Chi-square D.F. Significance 
:3 . 6146:2 :3 I) . 306 H17 
With ro~s with columns 
Sta-cistie: Symmetric dependent dependent 
~ambda 1).01834 G.04375 0.00000 
Uncertainty Coeff . 0 . 00276 0.00386 0.00211 
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Summary Statistics for Contingency Tables (Page 1) 
Chi-square D.F. Significance 
1:5.2876 3 1.58666E-3 
With ro>;s \~ith columns 
Statistic S:llnmetr ic dependent dependent 
Lambda 0.01644 0.03438 0.00000 
Uncertainty Coeff. 0.01217 0.01484 0.01031 
Somer ' s D -0.08.567 -0.0889.5 -0 . lU350 . 
SummarY,Statistics for Contingency Tables (Page 1 ) 
Chi-squat".:: D.? Significanc~ 
;;b.:?5Z1 j 4 . ~' 1 i) 12 E -;j 
ilith rows iii th columns 
Statistic 3~'lIlllle (,1' ie: ,jependent dependent 
Lambda o , I) i':: 2 .5 3 0.13438 0.00000 
Unc~rtainty Co~ff. {).0338.j 0.03571 O.032J! 
Somer ' s D -u.HU13 -0.20684 -0.17593 
Summa ry Statistics for Contingency Tables (P~ge 1) 
Chi-square D.F. Significance 
.,25.5010 .;, 1.21302£-5 
With ro>;s With columns 
Statistic Symmetric dependent dependent 
Lambda 0.0.5124 0.0281:3 0.07163 
Uncertainty Cceff, 0.02157 tJ.02502 0.018 :35 
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Summary Statistics for Contingency Tables (Page 1) 
Chi-square D.F. Significance 
8.86167 ,;. 0.0187783 
With ro).l's With columns 
Statistic Symmetric: dependent dependent 
Lambda 0.04378 0.01250 0.06313 
Uilcertainty '~oetf. l).!)0760 0.00960 0.00630 
Sellner's D Ll. IJ':~':, 7 0.0;J777 (01 . iJ.5,34.5 . 
Summary Sta~istics for Contingency Tables (Page 1) 
Chi-square D.t. .3ignificance 
47.0G67 :3 :; . 4 c: ~ 15E - : l:i 
~ith rc~s With columns 
Statistic Symlner.ric dependent dependent 
Lambda IJ . 0':)' :34.5 .11250 0.00000 
Unoertainty Coeff. 
Somer ' s D 






Summary St'-".::isr.il';s [':)L' Ccnting~ncy lables (f·:3.ge 1" 
Chi-square D.t. :3ignif icanct:: 
-':'.:2:3708 :3 U ..OJ:2 4 ::: b :.'. 
With ro~s \II it j1 C: 0 lu:nn s 
Statisc:ic :3 ~/ ;;1 m e ~ c' i.:: depAnc~n~ d~!;lenaenr: 
Larnbda ;). I~; ; ~ 74 I.i. uU;'~:Jrj 0.00000 
Unce=tainty Coeff. d . Glj 2!JO d.O:j2:'5 O. COn;7 
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Appendix 1: Traditional Model of the Nature of Science 
Theory (T) 
1. 	 Theories are based directly on observation. 
2. 	New theories are improvements over old theories because observations improve and 
increase over time. 
3. 	An entire theory is falsified if subject to a single contradictory fact. 
4. 	 A theory is a hypothesis that bas been proven to be Correct. 
5. 	 Old theories are of no use to scientists. 
Role of a Scientist (S) 
1. 	 A scientist evaluates scientific claims exclusively through empirical evidence. 
2. 	 All actions of a scientist are assumed to be open-minded and objective. 
3. 	 A scientist is someone who uses the traditional scientific method. 
4. 	 A scientist strives to discover the absolute truth. 
5.1. 	 Scientists must avoid being influenced by anything outside of "pure" science. 
5.2. Scientists must report data exactly as their senses perceive it. 
Scientific Knowledge (K) 
1. 	 Scientific knowledge correspcnds directly to realiry. 
2. Scientific knowledge increases by accretion from observations. 
3. Scientific .knowledge progresses by an accumulation of obsc:rvations. 
4. 	Scientific knowledge is proven or disproven owing [0 th~ direct inrluc:nce oi ~~ 
tions. 
5.1. 	Scientific knowledge is unchanging. 
5.2. 	Scientific data must not be interpreted by the scientist. 
Scientific Method (M) 
1. 	 Science relies on precise control of experiments (and match with prediction) foc prooi. 
2. 	The use of the traditional scientific method is necessary to discover and valid:u.e ~ 
ries. 
3. 	There is a single method for doing science. 
4. The scientific method is a step-by-step process. 
5.1. 	The method must be planned our in advance of the inquiry. 
52. 	When a scientist uses the traditional scientific method correctly, the results are true 
without doubt. 
Laws (L) 
1. 	 Scientific laws are found directly in nature. 
2. 	 Scientists interpret the laws found in nature. 
3. 	Scientific laws can be proven to be absolutely true. 
4. 	Laws are proven theories. 
General (G) 
1. 	 Science is only the set of findings called scientific knowledge. 
2. 	 Explaining an event consists of carefully reducing that event to known knowledge. 
3. 	 Progress consists of discovering theories that represent a closer approximation to the 
absolute truth. 
4.1. Science is "doing experiments." 
4.2. 	The goal of science is to find the absolute truth. 
: 
Ap endix 1: Traditional Model of the Nature of Science 
Theory (T) 
1. Theories are based directly on observation. 
2. New theories are improvements over old theories because observations improve and 
increase over time. 
3. An entire theory is falsified if subject to a single contradictory fact. 
4. A theory is a hypothesis that bas be n proven to be correct. 
5. Old theories are of no use to scientists. 
Role of a Scientist (S) 
1. A scientist evaluates scientific claims exclusively through e pirical evidence. 
2. Al  actions of a scientist are assu ed to be open- inded and objective. 
3.  scientist is so eone ho uses the traditional scientific ethod. 
4.  scientist strives to discover the absolute truth. 
5.1. Scientists ust avoid being influenced by anything outside of "pure" science. 
5.2. Scientists ust report data exactly as their senses perceive it. 
cie tific le e ( ) 
. i tifi  l  r s ir tl  t  t
.  l  i   i  r   .... . 
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. . i ti i  l  i  i . 
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it t t. 
La s (L) 
1. Scientific la s are found directly in nature. 
2. Scientists interpret the la s found in nature. 
3. Scientific la s can be proven to be absolutely true. 
4. Laws are proven theories. 
General (G) 
1. Science is only the set of findings ca led scientific knowledge. 
2. Explaining an event consists of carefu ly reducing that event to known knowledge. 
3. Progre s consists of discovering theories that represent a closer a proximation to the 
absolute truth. 
4.1. Science is "doing experiments." 












Sum mary Statistics for Contingency Tables (Page 1) 
Chi-square D.F. Significance 
30.7096 3 8.78.539c-7 
With rows ~ith columns 
Statistic Symmetric: dependent dependent 
Lambda 0.01387 [!.02813 0.00000 
Unoer~ainty Coe~f. 0.02541 J . Ci 3IJ..),!3 0.02178 
Somer's D 0.18715 :J.17609 0.18870 
Summary Statistics for Conting'ency Ta().Les (fage 1) 
Chi-square D.F. Signific3.nce 
., ... , ~<.:.".5. ~.5S:3.~ .) I) • 1 .J. '-' '.' .L w 
With rO~5 >Iith columns 
.3tatistic Symmetric dependent dependent 
Lambda 0.00000 0.00000 0.00000 
Uncertainty Coeft. 0.G0425 0.00.57[, 0.00338 
Somers 0 U.07883 O. i~d3;~5d 0.0::'115 
Summary Statistics for Contingency Tables (Page 1) 
------------------~----------------------------------- ---------------------
Chi-square D.F. Significance 
-------~---------------------------------------------- ---------------
14.0428 3 2.847S1E-:3 
With rows With columns 
;3tatistic Symmetric depenG~nt dependent 
------------------~----------------------------------- ---------------
Lamoda 0.00000 0.00000 0.00000 
Uncertainty Coeff. 0.01028 0.01338 0.00812 
Somer's D 0.10477 ''0.08171 0.12216 
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Summary Statistics for Contingency Tables (Page 1) 
Chi-square D.F. Significance 
':>13.2897 v 4.05031E-3 
With rows With columns 
Statistic Symmetric dependent depend en t 
Lambda 0.00000 0.00000 0.00000 
Uncertainty Coeff. 1).01073 0.01333 0.00898 
Somer's D 0.09156 0.08514 0.09802 
Summary.Statistics for Contingency Tables (Page 1) 
Chi-squ3re D.F. .3ignificance 





















Summary Statistics for Contingency Tables (Page 1) . 
Chi-square D. F. Significance 
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Summary Statistics for Contingency Tables (Page 1) 
Chi-square D.F. Significance 
31.1198 .J 8.02096£-7 
With rows With columns 
Statistic Symmetric dependent d ependen t 
Lambda 0.00000 0.00000 0.00000 
Uncertainty CoeI'I' . 0.02403 0.03124 1].02032·
Somer's D 0 . 13742 0.12518 0.1 .5064 
Summary'Statis1:ics fur Contingency Tables ( Page 1 ) 
eh i -sq u aL' e D.F. Significance 
It.:.54:.31 .) 
, 
8.7734 6 E-4 
With rows With columns 
Statistic ;:;ymmetric ciepenJent depenoent 
Lambda U . OOOlJO 0 . 00000 0.00000 
Uncertainty Coeff. (i . U1<!U2 0.01845 IJ.01221 
Somer ' s D O.13 Ul .:' 0.12981 0 . 13049 
Summary Sta1:istios for Contingency Tables (?ag~ 1) 
•.~ h i - s q !..! dr- ~ : '.' i.:; : i i r' ~ l ~ ;3 n c ~ 
I ..• .-, - , ~..- . 
.0."- : .).) ::; ,-: . : ~ r:; ~ , ~. ":.1 1.:. -.;.. 
• !. ,: : :; :;1 n :3 




Uncertainty Coeff. iJ.01215 U.01604 0.00878 
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Summary Statistics for Contingency Tables (Page 1) 
---------------------------------------------------------------------------. 
Chi-square D.F. Significance 
23. 204~3 .) 3.66007E-5 
With rows With columns 
Stati.:;tic Symmetric dependent dependent 
Lambda 0.00000 O.uO(lOO 0 . 00000 
Uncertain~y Coeff. 







SU !!l!il ary St3.:istics for Continge!l f~y '[3.Dles t ~ag'e 1) 
Chi-square u.F . Signifi.:;anct: 
~ :3 . 2~S8 :3 1. 64U~32E-ll 
With rows With columns 
:)t<3.tistic Symrne!:ric dependen!: dependent 
La~aa3 u . CI :3~68 o . I1S25 Ci 0 .0000 0 
Uncertain~y eoerf. Jj. 04~,05 Ij . iJ.5 :) 02 U.IL'!68 
S0mers D :j . 24':' 34 lJ . :2 2 7 ~ ~I IJ . 2.s 7 .1 ; ~ : 
~; Ij!!l:na.y Statistics for CcmtingencY Tables ( Page 1) 
{:hi-square D.r. Signiricaroce 

le .6 154 7.'7127 f.; E-4
o 
ihth rows With columns 
Sta-cistic :3ymmetric depencien t dependen t 
Lambda 0,03553 0 . 0031;:; 0,05808 
Uncer~ainty Coef~ . 0.01226 O. iJli371 0.UlJS68 
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Summary Statistics for Contingency Tables (Page 1) 
Chi-square D.F. Significance 
') .1 ~~~~ ov-:t:. '.'l.,o'j I 1 . 4167~; E-7'J 
With rows With columns 
Statistic Symmetric dependen t liep~nden t 
Lambda C.1 0 .566 0 . 10625 0.10526 
Uncertaint y ~ o eff. 0.02338 ij . IJ~, 381 0 . 017 8 6 
Somer ' s iJ U.16 8 17 O.142.:i~ O.20.s1~' 
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:) Il n m~, r:l ::~ t::1 i:l::.; r:ii-;~; r' ,j t' · . _:~) ntir~,g>~nc y Tables ( ? ;:-..g"e 1 ) . 
Chi-square U . F . ~ ignificance 
..,3.863 25 v 0 . 276614 
With rows Wi~h columns 
Statistic ::3 ymme tr i'~ dependent dependent 
Larubda 0.00000 O•. OOO UO 0.00000 
Uncertainty Coeff . O.0026b 0.00378 0.00205 
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Summary Statistics for Contingency Tables (Page 1) 
Chi-square D.F . Significance 
7.24886 ::; 0 . 0643435 
With rows Hith columns 
Statistic Symmetric dependent dependent 
Lambda 0.00000 o .00(1)0 0.00000 
Uncertainty Coeff. 0.00564 0 . 00711.1 0.00467 
Somer·s D 0 . 08729 L1.001l7 0.08440 
Summary . Statistics f0r Contingency Tables (Page 1 ) 
Chi-sqlJare D.E" . Si6"nificC'tnce 
')22.7859 v .:; . .s 1;3:..~.:3.E-j 
With rows \~ it h col uron s 
Statistir:; Symmetric dependent de;?endent 
Lambda 0.0085 2 0.01875 0.1)0000 
Uncertaint y Coeff. U . U 1 t ; ;:i :: ; :J . u~~~:.>4~ :J . :_,~ ":J -= t 
Somer · s D I~ ! . 1 c: 2:~- .:. 
' . ' . ~ ,:;:. u r.l m·c' . .:  :j.: ~ ­
., 
. - >.; :...; : i -; 
! J . :J:)::; U ') v 7.5460:3£-3 
With rows With columns 
Statistic Symmetri,; dependent dependent 
Lambda 0.00000 O.UlJOOO O.OOOUO 
Uncertainty Coeff. o . 0080:3 W.OE08 0 . 00671 
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Summary Stati~:;tics for Conting>:'Il;.:'Y raoles (Page 1) 
-------------------------------------------------------------------~-------
,; Ii ~ - ~q u a r to: D.F. Significance 
5.12898 3 0.182593 
Wir;h ro~s WiLh columns 
Statistic Symmetric dependent dependent 
Lambda O.OO(JIj(J U.oouoo 0 . 00000, 
Uncertainty Coeff. :J . tJ0338 0.00486 0,00258 
Somer ' s D O.06j~2 0 . 0.5317 0,07785 
Sum mary ·Statistics for Contingency fables (Page 1) 
:.: i1 i - sq U 2..1' e L; • to . :::i~rni:ic3nce 
4.877'71 :3 0.1,3[; ::'7':1 
;~ i t.h !:·v~S With columns 
Statistic Symmetric ciependen t dependent 
Lambda O. UOIJOll o.oeouu U.OOOUO 
UncertaintY Coeff. U.OtJ3~8 u.00478 O.OU248 
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